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Abstract 
 
The aim of this study was to determine the influence of distance from the target during dominant 
and non-dominant jab punches, on total response time, repeated jab punch force and anaerobic 
fatigue of amateur boxers. Data was gathered of the following variables: Biographical data, 
anthropometric data, total response time, change in total response time, number of punches, 
peak punch force and peak punch force fatigue resistance index. An exploratory and descriptive 
research design was used. Twelve male amateur boxers participated in this study. The 
participants were all either provincially or nationally ranked, between the ages 16 and 22 and in 
the competitive phase of their training. The data was compared to find statistical significance 
and it was found from the Wilcoxon ranked sign test that distance does not affect total response 
time, change in total response time, number of punches and peak punch force fatigue 
resistance index. However, it was found that distance affects peak punch force. Additionally,it 
was found using a Spearman rank correlation test that older boxers proved to have statistically 
significant faster total response times, the boxers that had slower total reponse times proved to 
have statistically significant less powerful peak punch force, the boxers that had slower total 
response times proved to have statistically significant larger fatigue resistance index, boxers 
with larger change in total response time proved to have statistically significant more powerful 
peak punch force and the boxers with larger peak punch force proved to have statistically 
significant smaller fatigue resistance index. The data presented provides an introduction of the 
exploration of how distance from a target relates to a boxer’s performance. 
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1.1 Introduction 
Boxing is a combat sport where two participants, generally of similar weight, fight each other 
with their fists (Rose, 2009). Modern day boxing matches are supervised by a referee and 
typically consist of a series of one to three-minute intervals called rounds (Rose, 2009). Boxing 
is however not a modern sport. In history boxing was first evident in Mesopotamian stone reliefs 
from the end of the fourth millennium B.C. (Boody, 2008). Boxing has however evolved from 
these crude ancient beginnings and many people believe that the 20th and 21st centuries are the 
golden age of boxing. 
 
Today, organised boxing is categorised as either amateur or professional boxing. There are 
many differences between the two. The most obvious is that amateur boxing uses headgear, is 
an Olympic sport and has different weight classes compared to those used in professional 
boxing. The biggest difference is however that amateur boxing uses a point scoring system 
which measures the number of clean blows landed. This determines the winner as opposed to 
professional boxing matches which is won via knockout or judges’ decision (Ghosh, 2010). In 
addition, the number and length of rounds in amateur boxing are different to that of professional 
boxing. Currently amateur boxers compete in two five minute rounds, whereas professional 
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boxers typically compete in 12 three minute rounds.  (Murphy & Sheard, 2006; Ghosh, 2010). In 
both amateur and professional boxing the single most important movement is the punch. On 
average a professional boxer will deliver 1607 punches in six rounds (Pierce, Reinbold, 
Lyngard, Goldman & Pastore, 2006). 
 
There are many different types of punches a boxer can deliver, such as the uppercut, jab and 
hook. This research specifically explored the jab punch (henceforth referred to as a jab). A jab is 
a straight punch to the chin of the opponent. It is powered by the arm and sometimes the hips 
and it is the most commonly used punch in boxing (Werner, 1998). An effective punch has a 
quick movement time, is of the appropriate form and initiated at the appropriate distance 
(Werner, 1998; Whiting, Gregor & Finerman, 1998; Boey & Xie, 2002). Distance control, is the 
term used practically in boxing in regards to the appropriate distance to initiate a punch, and will 
be explained in detail later. In order to explore the influence of distance from the target on the 
effectiveness of a jab, information regarding some pertinent variables were gathered. These 
variables include punch force, reaction time, movement time, and a fatigue resistance index 
amongst others. 
 
1.2 Clarifying the Problem 
Most research that has been conducted on boxing has dealt with injuries and punch force.  
Regarding punch force however, little research exists that explores the different variables that 
affect punch force besides skill proficiency (Smith, Dyson, Hale & Janaway, 2000; Walilko, 
Viano, & Bir, 2005). The limited literature available does however identify distance from the 
target as a fundamental variable influencing punch force (Gulledge & Dapena, 2008; Falco, 
Alvarez, Castillo, Estevan, Martos, Mugarra & Iradi, 2009). However, the exact extent to which 
distance from the target influences punch force, and other punch efficiency variables, have not 
significantly been explored. Therefore, because previous researchers such as Falco et al. 
(2009) and Gulledge and Dapena (2008) believe that distance is an important variable, the 
exact extent to which distance from the target influences other punch efficiency variables should 
be explored. 
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Whiting et al. (1998) have stated that the velocity of a punch or its movement time (MT) is an 
important variable that affects punch force and Layton (1993) has stated that elite martial artists 
have a quicker reaction time (RT) than lower graded martial artists. These two variables, which 
can be expressed as TRT, have not been significantly explored in relation to punch force. 
Lastly, fatigue is known universally amongst athletes as a factor which affects performance. 
Boxing is similarly influenced by fatigue, hence sport-specific testing of fatigue is routinely done 
in boxing. Currently a Wingate test, performed on an arm ergometer, is most commonly used to 
measure a boxer’s anaerobic fatigue. However, more appropriate sport-specific boxing tests 
have not been explored. More importantly, the effect that distance from the target has on TRT 
and anaerobic fatigue has not been explored.   
 
It is clear that there are significant gaps in research with regards to boxing. These gaps include 
the effect that distance from the target has on punch force, as well as the effect that anaerobic 
fatigue has on TRT and punch force. Therefore, the problem which this study explored was the 
influence that the distance from the target may have on TRT, repeated punch force and 
anaerobic fatigue. 
 
1.3 Aim 
The aim of this study was therefore to determine the influence of distance from the target during 
dominant and non-dominant jabs on total response time, repeated punch force and anaerobic 
fatigue of amateur boxers. 
 
1.4 Objectives 
In order to achieve the above-mentioned aim, the following objectives are relevant: 
1.4.1.  To describe and compare the total response time of dominant and non-dominant jabs at 
two predetermined distances, based on relative arm length, and one self-selected 
distance from the target. 
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1.4.2. To describe and compare the punch force of dominant and non-dominant jabs at two 
pre-determined distances, based on relative arm length, and one self-selected distance 
from the target. 
 
1.4.3.  To determine the fatigue resistance index from repeated dominant and non-dominant jab 
punch forces at two pre-determined distances, based on relative arm length, and one 
self-selected distance from the target. 
 
1.4.4.  To explore how fatigue affects total response time and the punch force of the repeated 
dominant and non-dominant jabs at two different distances, based on relative arm 
length, and one self-selected distance from the target. 
 
1.4.5.  To determine the relationship between the independent variable (distance from the 
target) on the dependent variables (punch force, total response time and fatigue 
resistance index), as well as the relationships among the dependent variables. 
 
1.5 Definition of Operational Terminology 
Total response time: Is defined as the interval between when the stimulus is presented until the 
response movement is terminated (Schmidt & Lee, 2005). 
 
Fatigue: Is defined as an inability to maintain a power output or force during repeated muscle 
contraction (Lephart & Fu, 2000). 
 
Punch force: Is the direct measure of an actual punch, most commonly using a mounted force 
plate and is measured in newtons (N) (Smith et al., 2000). 
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Distance control: Refers to the control a boxer exerts over the trajectory of a strike when moving 
away from or towards their opponent (Falco et al., 2009). 
 
1.6 Limitations of the Study 
Due to the fact that the testing equipment was not mobile or easily transferable to other 
locations, the participants were only from the Eastern Cape. Additionally, only 12 boxers were 
chosen for the sample, which is not a high percentage of the boxing population. Lastly, the 
participants were not selected by means of randomisation because of the specific criteria 
needed for the sample.  
 
Ideally, more trials should have been gathered over a multiple days of testing in order to 
eliminate unforeseen variables such as poor nutrition, sleep deprivation, and others. 
Unfortunately, due to the busy schedule of the boxers it was not possible to do so. 
 
Just as in all sports, the spontaneity of an amateur boxing match requires many things that we 
could not allow in order to create an objective testing environment such as: amateur boxers 
have to deliver a mixed variety of punches instead of only jabs, move their feet constantly as 
opposed to standing still, have a moving target as opposed to a fixed target. All of this said, it is 
still the best that could be done to gain objective accurate data. 
 
1.7 Significance of the Study 
There is a need for research that explores the different variables that effect punch force. It has 
been found that proficiency (Walilko et al., 2005), reaction time (Layton, 1993) and velocity 
affects punch force (Whiting et al., 1998). However, there are many variables that have not 
been explored. One of these variables is distance control which has been anecdotally stated to 
affect punch force for boxers. It has, however, been found by Gulledge and Dapena (2008) and 
Falco et al. (2009) that distance from the target affects the force of different strikes created by 
martial artists. Therefore, it is vital that the role that distance from the target (i.e boxer 
positioning in relation to his opponent) plays in punch force generation among boxers be 
explored and described. Thus, if performance in amateur boxing could be improved by 
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generating more punch force, and if a boxer knows that he or she can generate more force by 
moving closer, or further, from their opponent, then they can improve performance. 
 
Furthermore, the effect fatigue has on punch force is currently not been analysed in a sport 
specific way. Currently, an arm ergometer is used to determine the fatigue resistance index of 
boxers. Furthermore, the extent to which fatigue has on distance from the target has not been 
explored. Hopefully, the accurate and sport specific measurement of fatigue found in this study, 
will validate the need for this type of testing to be used in the boxing community.   
 
In addition to distance not being significantly explored, total response time has not been 
quantitatively described in relation to fatigue. As stated earlier, the importance of velocity and 
RT has already been identified, but its relationship to distance and punch force has not been 
explored.   
 
1.8 Scope of the Study 
The sample consisted of 12 provincial and national male amateur boxers from the Eastern Cape 
Academy of Sport. The amateur boxer’s ages ranged from 16 to 22 years. Purposive and 
convenience sampling were used to obtain the sample and the participants met the following 
criteria: that they must be a member of a boxing association such as a club or team and must 
have represented his province or South Africa in an amateur boxing competition within the last 
12 months. 
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2.1 Introduction 
Boxing is defined as a combat sport where two participants, generally of similar weight, fight 
each other using their fists (Rose, 2009). Boxing was first evident in history in Mesopotamian 
stone reliefs from the end of the fourth millennium B.C. (Boody, 2008). According to Boody 
(2008), the earliest of Greek literature, the Iliad, includes the first report of a prize fight, which is 
similar to a common day boxing match, held at the time of the Trojan War. During the ancient 
Greek boxing matches there were no rounds, and the two boxers continued until one man either 
acknowledged defeat by holding up a finger or was unable to continue (Encyclopedia Britannica 
Online, 2013).   
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FIGURE 2.1 ANCIENT GREEK 
AKROTIRI MURAL DEPICTING  
TWO YOUNG MEN BOXING  
(SAKOULAS, 2001)  
 
According to Anderson (2007), despite the popularity of the sport it did not survive the Roman 
Empire and it wasn’t until it’s rediscovery in the sixteenth century in England that boxing fully 
emerged. At first, boxing would be better described as very uncivil fist fighting, and there were 
many unnecessary deaths, until the implementation of the London Prize Ring rules in 1839 
(Encyclopedia Britannica Online, 2013). According to Encyclopedia Britannica Online (2013) 
these rules forbad kicking, gouging, butting, biting and blows below the belt but it was not until 
the Queensberry rules of 1867 that the boxers were called to wear gloves.   
 
Boxing owes much of its popularity to its emergence in the United States (US), and in the early 
twentieth century, boxing was becoming more and more popular in the US. According to 
Jackson (2007), the decrease in popularity in Europe could be because of the aftermath of 
World War I, and the violence of boxing was now seen as benign. According to Encyclopedia 
Britannica Online (2013), the Irish were a major force in the birth of professional boxing in the 
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US because the famine in Ireland forced them to seek refuge in the US. Overall, boxing has 
evolved from an unorganised, unsafe and uncivil spectacle into the sport we know today. 
 
2.2 Boxing Today 
Today, organised boxing is categorised as either amateur (Figure 2.2A) or professional (Left 
2.2B) boxing. There are many differences between the two. The most obvious is that amateur 
boxing uses headgear, is an Olympic sport and has different weight classes. The biggest 
difference is that amateur boxing uses a point scoring system which measures the number of 
clean blows landed. This determines a winner as opposed to professional boxing which is won 
via knockout or judges’ decision (Ghosh, 2010). In addition, the length of rounds in amateur 
boxing has been changed from three rounds that are three minutes long compared to two 
rounds that are five minutes long whereas professional boxing is now fought over 12 rounds 
(Murphy & Sheard, 2006: Ghosh, 2010). 
 
 
FIGURE 2.2A: MIKE TYSON AND EVANDER HOLYFIELD  
IN A 1997 CHAMPIONSHIPS FIGHT (HAYNES, 1997); 2.2B: AMATEUR  
BOXING MATCH (MARTIN, 2000) 
 
As stated earlier, the winner of many boxing competitions is decided via judge’s decision. In 
recent years the Olympic status of amateur boxing has been threatened because many are 
concerned by its history of controversial decisions made by competition judges (Murphy & 
Sheard, 2006). This issue surfaced in the 1988 Olympics, when the American boxer, Roy 
Jones, was thought to have been deprived of a gold medal when the verdict was given to his 
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South Korean opponent (Murphy & Sheard, 2006). According to Murphy and Sheard (2006), 
Professor Anwar Chowdhry, the President of the International Amateur Boxing Association, 
responded to the problem by developing a system which awards a boxer a point when three of 
the judges press a button, to signify seeing a punch landed, within a second of each other. 
However, many believe the point system has changed the sport of boxing. Furthermore, 
because of this controversial system, many boxers practice boxing in such a way to concentrate 
their punches as straight as possible on their opponent’s head because, when compared with 
body blows, head punches are more likely to be seen by the judges (Murphy & Sheard, 2006).     
 
As opposed to amateur boxing’s point system, in professional boxing, victory is achieved if the 
opponent is knocked down and unable to get up before the referee counts to 10 seconds or if 
the opponent is deemed too injured to continue (Rose, 2009). In both amateur and professional 
boxing the single most important movement in boxing is the punch, and on average a 
professional boxer will deliver 1607 punches in six rounds (Pierce et al., 2006). 
 
There are many different types of punches a boxer can deliver, such as the uppercut, jab and 
hook. Jabs are the most commonly used punch in boxing (Kapo, Kajmovic, Cutuk & Berisa., 
2008) and are defined as straight punches to the opponent’s chin which are powered by the arm 
and sometimes the hips (Werner, 1998). Many factors influence the effectiveness of punching.  
In order to explore these factors related literature dealing with punch force and its 
measurement, distance control, reaction and movement time, and anaerobic fatigue was 
reviewed. The literature review revealed that boxing is scarcely researched and most 
information regarding the sport is anecdotal. 
 
2.3 Punch Force  
The punch is the single most important motor skill in boxing and it takes years to master. There 
are many different types of punches used in boxing but the most commonly used is the jab 
(Kapo et al., 2008). According to Whiting et al. (1998), many factors are associated with the 
overall impact of a punch. This includes punch velocity, location and orientation of impact and 
the number of punches sustained. However, in research, boxing punches are only measured 
quantitatively in terms of force and speed. It is important to measure the punch force of amateur 
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and professional boxers because according to Walilko et al. (2005) punch force has been 
correlated to performance. More specifically, Walilko, et al. (2005) state that the peak punch 
forces of professional boxers were measured from 1666 to 6860 Newton (N). More studies by 
these researchers have concluded peak forces of 4800 N for elite, 3722 N for intermediate and 
2381 N for novice boxers (Walilko et al., 2005). This latter suggests that experience and/or 
proficiency in punching as a skill is related to the punch force generated. This is highlighted 
through research by Smith et al. (2000) who found that the mean punch force for non-elite 
heavy weight professional boxers was only 23.2% of the mean punch force observed for lighter 
elite professional boxers. This strengthens the argument that proficiency in punching is probably 
a more important determinant of maximal punch force rather than body weight.   
 
The most commonly used type of force transducer in biomechanics is the force plate platform, 
as shown in Figure 2.3. The force plate platform is an instrumented plate installed flush with the 
ground for the registration of Ground Reaction Forces. These platforms measure in three 
dimensions: vertical (FZ), along the length of the plate (FY) and across the width of the plate (FX) 
(Robertson, Caldwell, Hamill, Kamen & Whittlesey, 2004). 
 
Force plate platforms are used as boxing dynamometers for the measurement of punch force 
(Gulledge & Dapena, 2007) as well as to measure the force of attacks in the martial arts 
(Pearson, 1997). In addition to force plate platforms, researchers such as Atha, Yeadon, 
Sandover and Parsons (1985) developed devices which were considered to be more suited to 
the measurement of punch or strike forces than a force plate platform. These measurement 
devices, which contain sensors and accelerometers to measure punch force, were designed in 
the shape of dummies to simulate a boxer’s figure. Although research has used both force plate 
platforms (Gulledge & Dapena, 2007) and dummies with sensors and accelerometers (Smith et 
al., 2000) the most universally used device in biomechanics that measures force is a force plate 
platform (Bartlett, 2007). Furthermore, studies using dummies with sensors cannot decipher the 
orientation of punches. This is important information because, as stated earlier, amateur boxers 
attempt to throw their jabs as straight as possible in order for the punches to be seen by the 
judges. Thus the measurement of punch orientation is important because it provides crucial 
information regarding accuracy. Force plate platforms do provide information regarding punch 
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orientation through three dimensional measurements, and is thus regarded as a superior 
measurement tool. 
 
FIGURE 2.3: FORCE PLATE PLATFORM 
 (PERFORMANCE FORCE PLATE, N.D.) 
 
2.4 Distance from Target 
Distance from the target refers to the distance a boxer is from his or her opponent which they 
are trying to strike. The distance from the target is ever changing because both opponents 
constantly move throughout a match. Distance from the target has not been significantly 
researched but is stated anecdotally throughout the boxing community as being an important 
variable related to the effectiveness of a punch. Furthermore, controlling the distance from the 
target is used practically amongst the boxing community, and is referred to as a skill called 
distance control. Distance control means controlling the trajectory of a strike when moving away 
from or towards their opponent (Falco et al., 2009). Falco et al. (2009) and Boey and Xie (2002) 
agree that experienced fighters spend many hours practicing strikes at different distances to 
learn distance control. In addition, Cesari and Bertucco (2007) have found that expert boxers 
can produce effective punches from different distances.   
 
Distance from the target, in relation to kinematics, has also not been significantly explored. In 
martial arts and boxing, researchers found that hand speed increased as starting distances to 
the target increased (Pinto Neto & Magini, 2007, Gulledge & Dapena, 2008). It is logical to 
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assume that increased distance, which leads to increased movement speed, would also lead to 
increased punch force. However, the latter can only be assumed as it has not been quantified 
through research. Therefore, the extent to which distance from the target influences punch force 
has not been significantly analysed but rather explained anecdotally by coaches and 
professional athletes.   
 
2.5 Total Response Time 
Whiting et al. (1998) and Smith et al. (2000) have both stated that punch velocity is a factor of 
punch force however Walilko et al. (2005) found results that do not relate punch velocity as a 
factor to punch force. Therefore, more research should be done on the relation between punch 
velocity and punch force as well as new methods of measuring the variables should be 
explored. The velocity of a punch can be measured in many ways. Atha, Yeadon, Sandover and 
Parsons (1985) used a tiny accelerometer enclosed in a boxer's fist while he punched to 
measure the velocity.  Walilko et al. (2005), measured punch velocity, using an accelerometer 
clenched in the fists of the participants, and found the average hand speed before impact to be 
9.14 m/s. Although measuring the velocity of a punch is important, many researchers have 
neglected a key variable related to punching speed, namely reaction time (RT). In sport science, 
two types of perceptual abilities are considered relevant to successful performance. These 
perceptual abilities can be grouped into 1): basic sensory functions (i.e. Simple RT) and 2) 
sport-specific perceptual skills (i.e. distance control) (Mori, Ohtani & Imanaka, 2002). There has, 
however, not been a significant amount of research conducted on boxers’ RT and how it related 
to performance.   
 
Previous research suggests, that boxers do not improve their RT through training. Furthermore 
improved RT is not associated with experienced boxers. Cepulenas, Subacius, Bruzas, and 
Mockus (2007), found that after undergoing boxing training, the duration of the boxer’s simple 
psychomotor RT decreased from 204.1 ± 5.3 milliseconds (ms) to 196.0 ± 3.9 ms. Contrary to 
boxing Layton (1993), found that RTs are influenced by experience as evidenced by RTs while 
hitting a punch bag in response to a sound stimulus were faster for karate athletes of advanced 
grade than for those of lower grades. In addition to experience, body mass and other 
anthropometric characteristics have been investigated in relation to RT. Bruzas, Cepulenas 
Mickevicien and Mockus (2009) found that heavyweight boxers demonstrated faster reaction 
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times, greater maximal hand movement speed and greater movement accuracy compared to 
lightweight boxers. Contradictory to body size’s effect on RT, Arabaci, Catikkas, Cankaya and 
Sahin (2010), suggested that for limbs, a negative correlation exists between reaction time and 
limb fat percentages and fat mass. They found that leg reaction time, among a group of 
taekwondo athletes, increased as leg fat percentage and fat mass increased. The mass of the 
striking limb and the boxer was first suggested to be an important variable in the effectiveness 
of a punch by Walker (1975); however, there is not significant data to support this.   
 
Measurements of RT in boxing and the martial arts normally incorporate a visual stimulus which 
the athlete is required to respond to. This is because in a competition the athlete uses visual 
cues to decide when and what kind of motor skill to initiate. Mori, Ohtani, and Imanaka (2002), 
used a life-size video of an opponent striking towards the participant as a visual stimulus to 
initiate either a counter-strike or a block. Unfortunately, just as in other areas of boxing, most of 
the evidence which indicates RT as an important factor is anecdotal. There has not been 
significant data that relates quick RT to performance in boxing. Furthermore, many studies use 
simple RT instead of choice RT, which is more sport specific. However, there is anecdotal 
evidence from boxing professionals such as Werner (1998), which indicates that a boxer needs 
to have a quick RT in order to quickly execute a punch when an opportunity arises to do so. 
 
Instead of measuring the velocity of a punch, movement time (MT) can be used. This is 
because velocity equals distance divided by time, thus if an experiment uses a set distance over 
which a punch is thrown, the shorter the MT the greater the velocity. However, measuring MT 
does not include a measurement of RT.  MT and RT can be measured together as one variable, 
the TRT. TRT is defined as the interval between when the stimulus is presented until the 
response movement is terminated; in simple terms it is the: RT plus MT (Schmidt & Lee, 2005). 
TRT is commonly used in sports testing because in actual game or competition situations skills 
need both quick RT and MT to be successful. Such as, if a boxer has a quick RT but a slow MT 
with their right hooks, then regardless of their quick RT they will still deliver ineffective right 
hooks. According to Schmidt and Lee (2005) both RT and MT play important roles in motor 
skills and therefore, TRT could be considered a more valid measurement than only RT, only MT 
or only velocity. However the effect of motor learning on RT and MT of amateur boxers has not 
been explored. There have been, however, similar studies conducted such as by Herbort and 
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Butz (2009), who state that RTs were shorter if participants had advance information or 
experience. 
 
Another aspect of TRT that has not been explored is the effect of fatigue. As stated earlier, 
amateur boxing matches consist of two rounds of five minutes and there is the likelihood that 
the fatigue that they endure could negatively affect their RT and therefore their TRT. Fatigue, 
whether psychological or physical, has been found to affect RT in the past. Corfitsen (1994) 
found that visual RT was longer in tired truck drivers as opposed to rested truck drivers. 
Therefore, the effect fatigue has on boxers TRT should be explored. Lastly, the effect of 
distance on TRT has not been significantly explored, but because distance is part of the formula 
for MT it is logical that there is probably a correlation. 
 
2.6 Anaerobic Fatigue 
According to Lephart and Fu (2000), fatigue is defined as an inability to maintain a power output 
or force during repeated muscle contraction. This may be attributed to either metabolic or non-
metabolic peripheral factors. The literature contains discrepancies as to how to describe and 
sub-divide fatigue; such as Bigland-Richie and Woods (1984) who sub-divides it into peripheral 
and central components. Central fatigue would be a progressive reduction in neural drive to the 
working muscle, whereas peripheral fatigue represents force reduction due to distal changes in 
the neuromuscular junction (Bigland-Riche & Woods, 1984). Researchers such as Heller, Peric, 
Dlouh, Kohlikova, Melichna and Novakova (1998), Lin, Yen, Lu, Huang and Chang (2006) and 
Cepulenas et al. (2007) agree that boxing and the martial arts place high demands on anaerobic 
power. However, the extent to which fatigue affects boxing specific motor skills has not been 
significantly explored. Previous studies have demonstrated that fatigue decreases maximal 
velocity of movements and generation of forces (Vassilakos, James & Cox, 2009). It can be 
theorised though that in boxing, fatigue will decrease the velocity of a punch and the punch 
force. However, the extent to which fatigue affects TRT and punch force under controlled 
experimental conditions are unclear.   
 
Besides decreasing velocity, there is no significant research indicating whether fatigue affects a 
boxer’s punching deviation. As stated earlier by Werner (1998), a jab is a straight punch to the 
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chin powered by the arm and sometimes the hips. Additionally, Murphy and Sheard (2006) 
stated that many boxers practice boxing in such a way to concentrate their punches as straight 
as possible on their opponent’s head. However, this may be difficult to do for some boxers and 
especially with the onset of fatigue. Therefore, it is possible that the punches that they would 
throw at the end of a round would not be as straight as the punches that they would throw at the 
beginning of a round because of the onset of fatigue.   
 
Fatigue is usually measured in generic, non-sportspecific ways. According to Kaminski, 
Godfrey, Braith and Stevens (2000), some methods for examining anaerobic fatigue include 
bicycle ergometry, freeweight trials, vertical jump and treadmill running. However, these 
methods use variables besides force output to describe fatigue and may not be specific to the 
sport of the athlete.    
 
For these reasons, many researchers have developed more sport specific tests to measure 
fatigue. For soccer, Zemkova and Hamar (2009) measured fatigue by means of blood lactate 
during the breaks of an actual competitive match. However, then the question arises, how can 
that study be reproduced? The spontaneity of games or matches will always result in a different 
number of motor skills and different physiological demand for those skills. However, studies 
have been conducted that are sport specific, because they use a specific skill used in that sport, 
yet they are reproducible in a laboratory setting. Such as the study conducted by Zemkova and 
Hamar (2004),which measured fatigue during an all-out tethered running test, as opposed to a 
normal treadmill test.   
 
For boxers, anaerobic fatigue is normally measured using an arm ergometer (Figure 2.4) 
Wingate test. This is done for practical reasons and to conduct research. Additionally, this test 
protocol could effectively be implemented among football or rugby players as well. The Wingate, 
although not very sport specific to boxing, can determine the peak power, relative power and 
anaerobic fatigue expressed as the fatigue resistance index (FRI). The FRI is the maximal 
exerted force sustained under fatiguing conditions as a percent of maximal force and is a 
universally used measurement when assessing fatigue (Kaminski et al. 2000). However, using 
an arm ergometer to measure fatigue is not sport specific to boxing.  Although cranking an arm 
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ergometer utilises similar musculature as when executing a punch, it is not specific enough for 
elite athletes. Furthermore, it cannot give specific details regarding the precise effects that 
fatigue has on the boxer’s punching performance (i.e. TRT, punch force and punch force 
deviation). 
 
FIGURE 2.4: ARM ERGOMETER  
(ARM ERGOMETER, N.D.) 
 
2.7 Conclusions 
Most research that has been conducted on boxing has dealt with injuries and punch force. As 
stated earlier, little research exists that explores the different variables that effect punch force 
besides skill proficiency. Distance control has been anecdotally stated to affect punch force. In 
addition, research conducted by Falco et al. (2009) and Gulledge and Dapena (2008) state that 
distance from the target is a fundamental variable of punch force. However, the extent to which 
the distance from the target affects punch force, and other related variables, has not been 
explored. By exploring the effect distance has on these variables the performance of amateur 
boxers can be enhanced. Whiting et al. (1998) have stated that the velocity of a punch or MT is 
an important variable related to punch effectiveness and Rip et al. (1995) have stated that RT is 
important as well. These two variables, which can be expressed as TRT, have not been 
significantly explored in relation to punch force. Lastly, fatigue is known universally amongst 
athletes as a factor which affects performance. Sports testing of fatigue is still attempting to be 
as sport specific as possible. Currently an arm ergometer Wingate test is most commonly used 
to measure a boxer’s anaerobic fatigue but other more sport specific boxing tests have not been 
explored. 
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To address these gaps in research the researcher are going to explore the effect of distance 
from the target on punch force, total response time and anaerobic fatigue.  
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Methods and Procedures 
 
 Research Design 
 Participants and Sampling Technique 
 Measuring Instruments 
 Calibration 
 Data Collection and Testing Protocol 
 Statistical Analysis 
 Validity and Reliability of Measuring Instrument 
 Ethical Considerations 
 
 
3.1 Research Design 
This study was structured as an exploratory and descriptive study design (De Vos, Strydom, 
Fouche & Delport, 2009). A design such as this is often implemented to explore and then 
describe new insight. Furthermore, the majority of the data gathered in this research was 
described quantitatively. 
 
3.2 Participants and Sampling Technique 
The sample relevant for this study must have met the following inclusion criteria: must be a 
member of a boxing association such as a club or team and must have represented his province 
or South Africa in an amateur boxing competition within the last 12 months. 
 
Purposive and convenience sampling methods were employed to obtain participants for this 
study. These sampling methods were used because participants conforming to specific criteria 
were needed (De Vos et al., 2009). A total number of 12 participants that met the inclusion 
criteria were included in this study. The participants, who are all from the Eastern Cape, were 
between 16 and 22 years of age.   
20 
 
 
3.3 Measuring Instruments 
Information regarding punch force, total response time, and the fatigue resistance index, and 
related variables, at various distances from the target was gathered through the use of a 
horizontally mounted force plate platform. Additionally, various anthropometric variables were 
also measured. A detailed description of the various measurements performed are provided 
below. 
 
3.3.1 Biographical Data 
3.3.1.1 Purpose 
To determine the biographical data of each participant. Determining the participants’ 
biographical data was necessary to complete objective five of this study which was to 
determine the relationship between the independent variable and dependent variables 
as well as among the dependent variables. 
 
3.3.1.2 Procedure 
Shortly after consent forms were signed each participant completed a short 
questionnaire labeled in the appendices. 
 
3.3.1.3 Equipment 
 Questionnaire 
 Pens 
 
3.3.1.4 Data 
 Age 
 Province 
 Years of Competitive Boxing 
 Highest Level of Boxing Achieved 
 Weight Class 
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3.3.2 Anthropometric Measurements 
3.3.2.1 Purpose 
To determine the arm length, height and body mass of the participants according to the 
International Society for the Advancement of Kinathropometry (ISAK) (2001). The 
measurement of arm length was slightly adapted to accommodate the boxing gloves, of 
the participants.  
 
3.3.2.2 Procedure 
Firstly, the acromiale of a participant was found and marked. According to Reilly, (2001, 
p.19), the acromiale is the point on the superior part of the acromion border in line with 
the most lateral aspect. The acromiale is one of the two points required to determine the 
Relative Arm Length Distance (RAD). Reilly (2001, p.19) states that the arm distance 
should be measured from the acromiale to the dactylion which is the tip of the middle 
finger when the arm is hanging down and the fingers are stretched downward. However, 
for this research the participants were wearing boxing gloves. Therefore, the distance 
between the acromiale and the midpoint of the tip of the boxing glove was measured. 
After RAD was found, the three quarter relative arm length distance (¾RAD) could be 
calculated simply by multiplying the RAD by 0.75. The ¾RAD was found in order for the 
researcher to measure data at the ¾RAD distance.     
 
Each participant was also assessed for height and body mass. The participants were 
instructed to remove their shirts and shoes, therefore only leaving them in their light 
training shorts, and then to stand on an electronic scale in order to measure their weight. 
Lastly, still without shirts and shoes, each participant stood on a stadiometer with their 
head in the Frankfurt plane, in order to measure their height.  
  
3.3.2.3 Equipment 
 Holtain stadiometer 
 Scalemaster electronic scale 
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 Lufkin (W606PM) flexible steel tape  
 
3.3.2.4 Measurement 
 Arm length to the nearest 0.1 cm 
 Height to the nearest 0.1 cm 
 Body mass to the nearest 0.1 kg 
 
3.3.3 Total Response Time and Change in Total Response Time 
3.3.3.1 Purpose 
The purpose of this test was to determine the Total Response Time (TRT) and Change 
in Total Response Time (CTRT) of both the dominant and non-dominant jabs at the 
following distances from the target: 
 Relative arm length distance (RAD) 
 ¾ Relative arm length distance ( ¾RAD) 
 Self-selected distance (SSRAD) 
 
Determining the participants’ TRT at the three distances completed objective one which 
was to describe and compare the total response time of dominant (DA) and non-
dominant (NA) jabs at two different predetermined distances, based on relative arm 
length, and one self-selected distance from the target. The data collected from the 
assessment of TRT was averaged and used to perform inferential statistics comparing 
the TRT between the RAD, ¾RAD and SSRAD.  It was decided to explore other ways of 
assessing the influence of distance from the target on TRT. It was decided to, in addition 
to the average of ten jabs, to also use the CTRT to perform inferential statistics. 
Determining the participants’ CTRT at the three distances completed objective one 
which was to describe and compare the TRTs of DA and NA jabs at two different 
predetermined distances, based on relative arm length, from the target and one self-
selected distance from the target. 
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3.3.3.2 Procedure 
Firstly the horizontally wall-mounted force plate platform was positioned in line at the 
acromiale height of the participant to be assessed. Secondly, the RAD and ¾ RAD, for 
the boxer being assessed, was calculated and marked on the floor perpendicular to the 
centre of the wall-mounted force plate platform. Thirdly, the boxer warmed up for 5 
minutes on a rowing maching. Fourthly, the participant was assisted with the secure 
strapping of his hands and fitting of the boxing gloves as if preparing for a boxing match. 
Lastly, the working of a pair of green and red lights, which provided the visual stimulus 
the boxer needed to respond to, was explained to the participant. This was done after 
every trial because on some trials the green light would indicate a dominant arm jab and 
other trials a non-dominant arm jab. This was done because only the green light could 
be synchronized with the force plate platform and served as the trigger for the force plate 
platform data collection to be initiated. The order in which the lights would flash was 
unknown to the participant, thus this assessment was based on choice reaction time. 
 
In particular the following instructions were explained to the participant: 
 The tip of the front of their toe needs to be against the marked line (as shown in 
Figure 3.1). 
 The red light would indicate that you punch with this arm and the green light 
would indicate that you punch with this arm  
 To respond to the stimulus by punching the force plate platform as quickly as 
they can (not necessarily as hard as they can). 
 To punch as straight as possible. 
 
24 
 
 
FIGURE 3.1: TOTAL RESPONSE TIME TRIAL SET-UP 
 
Participants conducted this assessment in groups of three and did one short practice 
trial and six measured trials. The participants were not allowed to watch each other 
conduct the trials. The six trials were: 
 Two trials from RAD (one for DA and one for NA). 
 Two trials from ¾RAD (one for DA and one for NA). 
 Two trials from SSRAD (one for DA and one for NA). 
 
The order of the six trials was written on a piece of paper and placed in a hat. One of the 
participants chose a piece of paper randomly and then performed that test. The 
participants were not made aware as to what order they were given or as to what arm 
was being measured in each specific test. The three orders that could be chosen were: 
 RAD, ¾RAD, SSRAD, RAD, ¾RAD, SSRAD 
 ¾RAD, SSRAD, RAD, ¾RAD, SSRAD, RAD 
 SSRAD, RAD, ¾RAD, SSRAD, RAD, ¾RAD 
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Each trial had a specific order in which the stimuli were given as shown in Table 3.1. 
More specifically, when the participant stood at RAD and was being assessed for their 
dominant arm the order that the stimuli were given followed the pattern for the dominant 
arm (labeled as RAD.DA and as shown in Table 3.1). This was done in order to minimise 
the variance between each participants testing.  
 
TABLE 3.1: REFLECTS THE ORDER IN WHICH THE STIMULI WERE GIVEN FOR EACH TRIAL 
(RELATIVE ARM LENGTH DISTANCE (RAD), ¾RELATIVE ARM LENGTH DISTANCE (¾RAD), 
SELF SELECTED DISTANCE (SSRAD), DOMINANT ARM (DA) AND NON-DOMINANT ARM (NA))   
  TRT 
  RAD.DA RAD.NA 3/4RAD.DA 3/4RAD.NA SSRAD.DA SSRAD.NA 
1 Green Red Green Green Green Green 
2 Red Green Green Green Red Red 
3 Green Green Red Green Green Green 
4 Red Red Red Red Green Green 
5 Green Red Green Red Red Red 
6 Green Green Green Green Green Red 
7 Red Red Red Red Red Red 
8 Green Green Red Red Red Red 
9 Red Green Green Green Green Green 
10 Red Red Red Red Red Red 
11 Green Green Green Green Green Green 
12 Red Red Red Red Red Red 
13 Red Green Red Red Green Green 
14 Red Green Green Green Green Green 
15 Green Red Red Green Green Green 
16 Red Red Red Red Red Red 
17 Green Green Green Green Red Red 
18 Green Red Green Green Green Green 
19 Red Red Red Red Red Red 
20 Green Green Green Red Red Green 
 
The six data collection trials consisted of ten jabs with each arm (jabs with both the 
dominant and non-dominant arms were performed although only one arm was assessed 
per trial. Once the participants finished with that test, the participants rested while the 
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other participants in their group performed their test. This process was repeated until all 
of the participants were done with all six trials. Afterwards, the CTRT was calculated by 
dividing the time of the first TRT by the time of the last TRT, multiplying that value by 
100 and then subtracting that value from 100.  The formula and an example looks as 
such: 
 
CTRT = 100 – (First TRT / Last TRT x 100) 
Example: 
CTRT = 100 – (0.48 / 0.52) x 100) 
           = 100 – (0.923 x 100) 
           = 100 – (92.3) 
           = 7.7  
 
When analysing the CTRT calculations, a small positive number such as nine, would 
represent a small increase in TRT throughout (from the first to last jab assessed) the 
trial. Contrary to that, a large positive number would represent a large increase in TRT 
throughout the trial. A small negative number, such as -1, would represent a small 
decrease in TRT throughout the trial. Contrary to that, a large negative number would 
represent a big decrease in TRT throughout the trial. 
 
3.3.3.3 Equipment 
 Type: 9281EA Kistler multicomponent force plate platform 
 Bioware Software 4.0 
 
3.3.3.4 Measurement 
 10 Jabs Total Response Time at RAD for Dominant Arm 
 10 jabs total response time at RAD for the non-dominant arm 
 10 jabs total response time at ¾ RAD for the dominant arm 
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 10 jabs total response time at ¾ RAD for the non-dominant arm 
 10 jabs total response time at SSRAD for the dominant arm 
 10 jabs total response time at SSRAD for the non-dominant arm 
 Change in Total Response Time at RAD for DA 
 Change in Total Response Time  at RAD for NA 
 Change in Total Response Time at ¾RAD for DA 
 Change in Total Response Time at ¾RAD for NA 
 Change in Total Response Time at SSRAD for DA 
 Change in Total Response Time at SSRAD for NA 
 
3.3.4 Jab Peak Vertical Punch Force, Number of Punches and Fatigue 
Resistance Index 
3.3.4.1 Purpose 
The purpose of this test was to determine the Repeated Jab Peak Vertical Punch Force 
(MPz), number of punches (#OP) and Fatigue Resistance Index (FRI) of both the DA 
and NA jabs at the following distances from the target: 
 RAD 
 ¾RAD 
 SSRAD 
 
This is a separate test to the TRT test mentioned above, but with a similar participant 
position for each trial. Determining the participants’ MPz at three distances completed 
objective two which was to describe and compare the repeated punch force of dominant 
and non-dominant jabs at two different predetermined distances, based on relative arm 
length, and one self-selected distance from the target. Furthermore, the participants’ 
FRIs were calculated and thus objective three of this study was completed. 
 
3.3.4.2 Procedure 
Firstly the horizontally wall-mounted force plate platform was positioned in line at the 
acromiale height of the participant to be assessed. Secondly, a pad was securely 
fastened to the mounted force plate platform. Thirdly, the RAD and ¾RAD, for the boxer 
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being assessed, was calculated and marked on the floor perpendicular to the centre of 
the wall-mounted force plate platform. Lastly, the participant was assisted with the 
secure strapping of his hands and fitting of the boxing gloves as if preparing for a boxing 
match. The pair of green and red lights, which provided the visual stimulus the boxer 
needed to respond to for TRT, was not necessary. Only the green light was used to 
provide a stimulus for the boxer to begin the test.   
Then the following instructions were explained to the participant: 
 The tip of the front of their toe needs to be against the marked line (as shown in 
Figure 3.2) 
 To start punching with the appropriate arm (DA and NA) when given the visual 
stimuli (only one light was utilised because RT was not measured as a variable in 
this test) 
 To punch the padded force plate platform as hard and as fast as they can for 30 
seconds 
 To punch as straight as possible 
 
 
FIGURE 3.2: PUNCH FORCE TRIAL SET-UP 
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Participants conducted this test in groups of three and completed one practice trial and 
six trials.  The six trials were: 
 One trial from RAD for DA 
 One trial from RAD for NA 
 One trial from ¾RAD for DA 
 One trial from ¾RAD for NA 
 One trial from SSRAD for DA 
 One trial from SSRAD for NA 
 
Just as with TRT, the order of the three trials were again written on a piece of paper and 
placed in a hat for the participant to choose. The practice trial consisted of eight jabs 
with the specific arm. Each data collection trial lasted 30 seconds, in which the 
participant had to deliver as many maximal jabs as possible, and was started once the 
participant received the visual stimulus (the green light). The punch with the highest 
peak vertical punch force was recorded for this measurement. Once they finished that 
test, they rested approximately six minutes while the other boxers performed their test. 
This process was repeated until all of the boxers were done with all three trials.   
 
After the MPzs were gathered the Peak Power Ability (PPA), Minimum Power Ability 
(MPA) and FRI could be calculated. The FRIs were calculated by manipulating the 
standard formula when utilising a Wingate Test. Therefore the modified formula for FRI 
that was used was:  
 
FRI = ((PPA – MPA) / PPA) x 100 
 
PPA (uses the first five seconds) and MMA (uses the last five seconds) are normally 
calculating using the following formula. It became apparent to the researchers of this 
study, that while doing the calculations, there would be no punches within the first 
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second of the test. This was because, the test started with the provision of a stimuli, 
which the participants needed time to respond to. Therefore, the peak power ability time 
frame was changed from seconds zero through five to seconds two through seven. 
Therefore, the formulas slightly changed from trial to trial depending on how many 
punches the participants were able to deliver. Furthermore, the peak power output and 
the minimum power output for this test were calculated using the following formulas: 
 
PPAz = (MPz1 + ... MPzn) / (Number of Punches within Seconds Two through 
Seven)  
 
MPAz = (MPz1 + ... MPzn)/ (Number of Punches within Seconds 25 through 30) 
Once the PPA and MPA were calculated the normal formula was used. For a clearer 
understanding an example is provided using data from Table 3.2.     
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TABLE 3.2: EXAMPLE OF PEAK VERTICAL JAB PUNCH  
FORCE DATA (N) 
  
Peak Vertical Jab 
Punch Force Measured 
during Seconds 2-7 
Peak Vertical Jab 
Punch Force 
Measured during 
Seconds 25-30 
1 1866.13 1783.13 
2 2061.14 1807.54 
3 2066.02 2249.13 
4 2023.30 1551.50 
5 2284.23 2025.74 
6 1978.13 2025.13 
7 2048.93 1894.82 
8 2347.40 1963.49 
9 2058.40 2249.13 
10 2187.79 2006.82 
11 2361.13 2025.13 
12 2183.52   
 
PPA = (Total MPz of all Jabs from two-seven seconds) / (Number of Punches 
Delivered from two-seven seconds))  
PPA =  (1866.13 + 2061.14 + 2066.02 + 2023.30 + 2284.23 + 1978.13 + 2048.93 + 
2048.93 + 2347.40 + 2058.40 + 2187.79 + 2361.13 + 2183.52) / 12   
PPA = 25466.12 / 12  
PPA = 2122.18  
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MPA = (Total MPz of all Jabs from 25-30 seconds) / (Number of Punches Delivered 
from 25-30 seconds)  
MPA = ((1783.13 + 1807.54 + 2249.13 + 1551.50 + 2025.74 
 + 2025.13 + 1894.82 + 1963.49 + 2249.13 + 2006.82 + 2025.13) / 11)  
MPA = (21581.56 / 11)  
MPA = 1961.96 
 
FRI = ((PPA – MPA )/ PPA)) x 100 
FRI = ((2122.18 – 1961.96) / 2122.18) x 100 
FRI = ((160.22) / 2122.18) x 100 
FRI = (0.0755) x 100 
FRI = 7.55% 
 
When analysing the calculations, a small positive number would represent a good 
resistance to fatigue or similar PPA to MPA. Contrary to that, a large positive number 
would represent a poor resistance to fatigue or a dissimilar PPA to MPA. A small 
negative number would represent that the participant punched slightly harder and faster 
near the end of the trial than at the beginning of the trial. Contrary to that, a large 
negative number would represent that the participant punched much harder and faster 
near the end of the trial then at the beginning of the trial. 
 
3.3.4.3 Equipment 
 Type: 9281EA Kistler multicomponent forceplate platform 
 Bioware Software 4.0 
 Microsoft Excel 
 Calculator 
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3.3.4.4 Measurement 
As stated earlier, many pieces of data were gathered in this test but for this specific 
variable, the following were recorded:   
 Peak Vertical at RAD for DA 
 Peak Vertical at RAD for NA 
 Peak Vertical at ¾RAD for DA 
 Peak Vertical at ¾RAD for NA 
 Peak Vertical at SSRAD for DA 
 Peak Vertical at SSRAD for NA 
 Number of Punches delivered in 30 s at RAD for DA 
 Number of Punches delivered in 30 s at RAD for NA 
 Number of Punches delivered in 30 s at ¾ RAD for DA 
 Number of Punches delivered in 30 s at ¾ RAD for NA 
 Number of Punches delivered in 30 s at SSRAD for DA 
 Number of Punches delivered in 30 s at SSRAD for NA 
 Fatigue Resistance Index at RAD for dominant arm 
 Fatigue Resistance Index at RAD for non-dominant arm 
 Fatigue Resistance Index at ¾RAD for dominant arm 
 Fatigue Resistance Index at ¾RAD for non-dominant arm 
 Fatigue Resistance Index at SSRAD for dominant arm 
 Fatigue Resistance Index at SSRAD for non-dominant arm 
 
3.4 Calibration 
The force plate had to be slightly modified for this research. Firstly, it needed to be mounted on 
the wall but still adjustable, because just as previous research done by Smith et al. (2000), the 
height of the force plate needed to match to the acromiale height of the boxer.    
 
To ensure the validity of the force plate it needed to be calibrated. Force plates are not meant to 
be punched at but rather to be stood on. In addition, it is unethical to require that a participant 
punch a non-padded force plate mounted against a wall. Therefore, a pad was added to the 
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force plate and boxing gloves were worn by the participants. It was logical that the test was 
conducted while using boxing gloves because boxers normally wear them during competition. 
As stated earlier, using a pad and boxing gloves would obviously change the values of the data 
collected. However, all participants wore and used the same protective equipment and thus 
measured values were comparable.   
 
3.5 Data Collection and Testing Protocol 
Testing was conducted on non-consecutive days over a one week period.  During this period, 
the participants were tested in groups of three. Testing sessions per group of three participants 
lasted for approximately two and a half hours.    
 
At the start of the testing, the participant arrived at the testing venue where their coach was 
welcomed by the researcher and his assistants. The step by step testing protocol as shown in 
Table 3.3 explains the order in which an estimated time of the testing protocol components.  
Once the testing was complete, the participants were debriefed and thanked for their 
participation. 
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TABLE 3.3: ESTIMATED TIME AND ORDER OF TESTS 
  Task 
Approximated 
Time 
1 Participants fills out questionnaire and consent form 3:00 min. 
2 
Participants' arm length, acromiale height and weight are 
measure/ force plate platform is adjusted 
6:00 min. 
3 Participants warms up on row machine  7:00 min. 
4 
Participants are informed of Total Response Time procedure 
and the three participants perform one practice trial 
5:00 min. 
5 Participant One performs TRT Trial One 1:00 min. 
6 Transition to next participant 1:00 min. 
7 Participant Two performs TRT Trial One 1:00 min. 
8 Transition to next participant 1:00 min. 
9 Participant Three performs TRT Trial One 1:00 min. 
10 Transition to next participant 1:00 min. 
11 Participant Four performs TRT Trial One 1:00 min. 
12 Transition to next participant 1:00 min. 
13 
The four participants repeat this five more times until all 20 trials 
are completed 
40 min. 
14 
Participants are informed of Punch Force procedure and the 
three boxers perform one practice trial 
7 min. 
15 Participant One performs Punch Force Trial One 1:00 min. 
16 Transition to next participant 1:00 min. 
17 Participant Two performs Punch Force Trial One 1:00 min. 
18 Transition to next participant 1:00 min. 
19 Participant Three performs Punch Force Trial One 1:00 min. 
20 Transition to next participant 1:00 min. 
21 Participant Four performs Punch Force Trial One 1:00 min. 
22 Transition to next participant 1:00 min. 
23 
The four participants repeat this Five more times until all 20 
trials are completed 
40 min. 
Total   124 min. 
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3.6 Statistical Analysis 
A qualified statistician assisted with the statistics for this study. Descriptive statistics were used 
to describe the variables measured. Measures of central tendency (mean and median) and 
variability (standard deviation and frequency distributions) were reported.  
 
Spearman rank correlations were performed and Wilcoxon signed rank tests were then used to 
determine statistically significant differences between the variable values measured at the two 
different distances, based on relative arm length, and on self-selected distance from the target. 
The results from these tests were assessed for significance at a 95% confidence interval.   
 
The data was organised into figures and tables in which brackets used to express the inclusion 
of a number and parentheses were used to express that the number is not included. Such as, 
[11-16), would imply that 11 is included in this row of data but 16 is not.  
 
3.7 Validity and Reliability of Measuring Instrument 
According to Bartlett (2007), force plates used to evaluate sporting performance are 
sophisticated, universally used and are generally very accurate. However, Bartlett (2007) does 
make note that the process in which to mount of force plate can cause variability. Therefore, the 
process in which the force plate was mounted was constructed in a reproducible way. In 
addition, Bartlett (2007), states that it is essential that the force plate system is calibrated to 
minimise systematic errors. Therefore, just as stated earlier, the force plate was calibrated every 
three boxers by applying a calibration test which is standard on the Bioware Software.  
A study is reliable if its measurement is stable and consistent (De Vos et al. 2009). To ensure 
the reliability of this study all of the concepts were clearly defined and there was a specific 
measurement for each one. In addition, a pilot study was conducted in order to make sure all 
procedures followed and measurements taken were refined and correct. Lastly, the padding that 
was attached to the force plate platform was shown to give inconsistencies in the punch force 
data gathered when using a fixed weight and distance. More specifically, it was determined by 
the researcher that no quantifiable formula could be used to change the values as if there was 
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no pad secured to the force plate. This does take away from the reliability of the study but it was 
necessary to ensure the safety of the participants. 
 
3.8 Ethical Considerations 
Ethics are a set of moral principles which are suggested by an individual or group, subsequently 
widely accepted, and which offers rules and behavioural expectations about the most correct 
conduct towards experimental participants and respondents, employers, sponsors, other 
researchers, assistants and students (De Vos et al. 2009). Therefore, a number of ethical issues 
were considered in order to prevent harm to the participants. They were as follows: 
 
 The right of nonparticipation: the researcher did not force any individual to participate in 
this study. In addition, consent forms were signed (labelled as Appendix A) for all 
participants. 
 The right to remain anonymous: it was explained to the participants that the study 
focused on group data and assigned reference numbers in order to record data. 
 The right to confidentiality: the researcher informed the participants and their coach who 
will have access to the information. 
 The right to expect experimenter responsibility: the researcher was well-meaning and 
the research was conducted in a professional manner. 
 Safety of participants: was ensured by making sure the boxers hands were properly 
taped, that they are wearing adequate boxing gloves and that the pad of the force plate 
was securely positioned. 
 Lastly, permission to conduct the study was approved by Nelson Mandela Metropolitan 
University FRTI Committee. 
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Results and Discussion 
 
 Introduction 
 Descriptive Statistics 
 Biographical Data 
 Anthropometric Data 
 Total Response Time and Change in Total Response Time 
 Jab Peak Punch Force and Jab Peak Punch Force Fatigue Resistance Index 
 
 
4.1 Introduction 
Little research exists that explores the different variables that effect punch force. However, 
Gulledge and Dapena (2008) stated that distance from the target is a fundamental variable of 
punch force. The extent that distance from the target affects punch force has not been 
significantly explored. Therefore, this chapter will provide data regarding the difference in jab 
punch force when boxers were asked to punch from RAD, ¾RAD and SSRAD. 
 
Whiting et al. (1998) have stated that the velocity of a punch or movement time (MT) is an 
important variable and Rip et al. (1995) have stated that reaction time (RT) is an important 
variable as well in influencing boxing performance. These two variables (RT and MT), which can 
be expressed as total response time (TRT), have not been significantly explored in relation to 
changing distance from the target (RAD, ¾RAD and SSRAD). In order to fill this gap, this 
chapter provides data to describe TRT in more detail.   
 
Additionally, an arm ergometer Wingate test is most commonly used to measure a boxer’s 
anaerobic fatigue resistance but other more sport specific boxing tests have not been explored. 
In this chapter, the fatigue resistance index (FRI), based on repeated punches on to a force 
plate platform, was calculated and described in relation to changing distances from the target 
(RAD, ¾RAD and SSRAD) 
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The following criteria were used to determine the statistical significance: the Spearman’s rank 
correlation (p<0.05) amongst dissimilar variables and the Wilcoxon signed-rank test (p<0.05) 
amongst similar variables. When reading frequency distribution tables a square bracket 
indicates that the value is included within the two numbers and a normal bracket indicates that 
the value is not included within the two numbers. 
 
4.2. Descriptive Statistics 
In this section, the measurements used in this study are discussed and references are made to 
their mean values, standard deviations, range values and frequency distributions.   
 
4.2.1. Biographical Data 
Biographical data was gathered via questionnaire and reported on to describe the sample of 
boxers being evaluated. The variables reported on include age, years of competition and 
highest boxing level achieved. 
 
4.2.2 Age 
Table 4.1 reflects the descriptive statistics of the age (measured in years) of the boxers involved 
in this study and indicate that the mean age for the participants were 19.00 years, with a 
standard deviation (SD) of 2.09 years (19 ± 2.09 years).   
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TABLE 4.1: DESCRIPTIVE STATISTICS FOR AGE (IN YEARS)  
OF THE PARTICIPANTS 
N 12 
Mean 19.00 
S.D. 2.09 
Minimum 16 
Quartile 1 17.75 
Median 19 
Quartile 3 20.25 
Maximum 22 
 
Participants in this study were between the ages of 16 and 22 years.  
TABLE 4.2: FREQUENCY DISTRIBUTION OF AGE (IN YEARS)  
OF THE PARTICIPANTS 
Age Number 
Percentage 
(%) 
Cumulative 
Number 
Percentage 
(%) 
16 2 17 2 17 
17 1 8 3 25 
18 2 17 5 42 
19 2 17 7 58 
20 2 17 9 75 
21 1 8 10 83 
22 2 17 12 100 
Total 12 100     
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Indicated in Table 4.2 is the frequency distribution of age (measured in years) across seven 
intervals. When referring to the participants most were 16 to 19 years of age. This age group 
represents 58% of the entire sample.   
 
 
FIGURE 4.1: HISTOGRAM FOR THE AGE (IN  
YEARS) DISTRIBUTION OF THE PARTICIPANTS 
 
Figure 4.1 shows that the majority of participants were aged 16, 18, 19, 20 and 22 years of age. 
This figure exhibits no skewness. 
 
4.2.3 Years of Competition 
Table 4.3 reflects the descriptive statistics of the number of years of competition experience of 
the boxers involved in this study. Collected data indicated that the mean number of years of 
experience was 8.75 ± 3.79 years.   
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TABLE 4.3: DESCRIPTIVE STATISTICS OF THE NUMBER  
OF YEARS OF COMPETITION OF THE PARTICIPANTS 
N 12 
Mean 8.75 
S.D. 3.79 
Minimum 2.00 
Quartile 1 7.75 
Median 8.50 
Quartile 3 11.00 
Maximum 16.00 
 
The participants of this study have competed in boxing for between two and 16 years. The least 
number of years of competitive boxing experience reported by a participant was two years, 
while the most was for 16 years.   
  
43 
 
TABLE 4.4: FREQUENCY DISTRIBUTION OF THE NUMBER 
 OF YEARS OF COMPETITION OF THE PARTICIPANTS 
Years Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
2 1 8 1 8 
3 1 8 2 17 
4 0 0 2 17 
5 0 0 2 17 
6 0 0 2 17 
7 1 8 3 25 
8 3 25 6 50 
9 1 8 7 58 
10 1 8 8 67 
11 2 17 10 83 
12 1 8 11 92 
13 0 0 11 92 
14 0 0 11 92 
15 0 0 11 92 
16 1 8 12 100 
Total 12 100     
 
 
Indicated in Table 4.4 is the distribution of years of competition across fifteen intervals. When 
referring to all of the participants 50% have competed in boxing for eight or less years. Three 
participants fall into the eight years of boxing experience category and accounts for 25% of this 
study’s participants. Additionally, the majority of the sample (58% or 7 participants) had nine or 
less years of competitive boxing experience. Four participants (33%) had 10 to 12 years of 
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competitive boxing experience. Only one participant (8%) had more than 12 years of 
competitive boxing experience.   
 
 
FIGURE 4.2: HISTOGRAM FOR THE YEARS OF  
COMPETITION (IN YEARS) DISTRIBUTION OF  
THE PARTICIPANTS 
 
Figure 4.2 shows that the majority of participants were in the years of competition category of 
eight years.   
 
4.2.4 Highest Level Achieved 
Table 4.5 reflects the descriptive statistics of the highest level achieved by the boxers involved 
in this study. The highest level that could be achieved by a participant was a national ranking 
and this study indicates that the mean level was provincial ranking. Participants of the study 
must have been either provincial or nationally ranked boxers.   
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TABLE 4.5: FREQUENCY DISTRIBUTION OF THE  
HIGHEST LEVEL ACHIEVED OF THE  
PARTICIPANTS 
  Number Percentage (%) 
Provincial 7 58 
National 5 42 
Total 12 100 
 
Indicated in Table 4.5 is the distribution of highest level achieved across two intervals.  When 
referring to all of the participants, most were provincially ranked. This makes up a total of seven 
participants of the sample group which accounts for 58% of the study’s participants.   
 
4.3 Anthropometric Data 
Anthropometric measurements were gathered in order to describe the sample and to possibly 
account for variables that were found to affect the data. These variables included: body weight, 
standing height, arm length distances (RAD and ¾RAD). Dominant arm is also included under 
Anthropometric Data even though it was found via questionnaire. 
 
4.3.1 Body Weight 
Table 4.6 reflects the descriptive statistics of the weight (measured in kg) of the boxers involved 
in this study and indicates the mean body weight was 64.24 ± 9.67 kg. 
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TABLE 4.6: DESCRIPTIVE STATISTICS OF THE  
WEIGHT (IN KG) OF THE PARTICIPANTS 
N 12 
Mean 64.24 
S.D. 9.67 
Minimum 52.54 
Quartile 1 57.00 
Median 61.10 
Quartile 3 69.93 
Maximum 85.38 
 
The body weight of the participants of the study was between 52.54 and 85.38 kg.  
 
TABLE 4.7: FREQUENCY DISTRIBUTION OF THE BODY WEIGHT (IN KG)  
OF THE PARTICIPANTS 
Weight Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[52-59) 4 33 4 33 
[59-66) 4 33 8 67 
[66-73] 2 17 10 83 
(73-80] 1 8 11 92 
(80-87] 1 8 12 100 
Total 12 100     
 
Indicated in Table 4.7 is the distribution of weight across five intervals. When referring to all of 
the participants most weighed between 52 and 59 kg and 59 and 66 kg. This made up a total of 
eight participants of the sample group which accounts for 67% of the study’s participants. The 
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data considered in its entirety indicated that 83% (10 participants) of the participants weighed 
between 52 and 73 kg. While only 17% (2 participants) had a weight in excess of 73 kg. 
Additionally, it is important to note that because the majority of the boxers weighed between 52 
and 66 kg that a majority of them would box in the 58 kg weight class.   
 
 
FIGURE 4.3: HISTOGRAM FOR THE BODY  
WEIGHT (KG) DISTRIBUTION OF THE  
PARTICIPANTS 
 
Figure 4.3 shows that the majority of participants were in the weight category 52 and 59 and 59 
and 66 kg. This figure is positively skewed indicating most participants weighed 66 kg or less. 
 
4.3.2 Standing Height 
Table 4.8 reflects the descriptive statistics of the standing height (measured in cm) of the boxers 
involved in this study and indicated the mean height was 173.92 ± 5.71 cm. 
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TABLE 4.8: DESCRIPTIVE STATISTICS OF  
THE STANDING HEIGHT (IN CM) OF THE  
PARTICIPANTS 
N 12 
Mean 173.92 
S.D. 5.71 
Minimum 164.00 
Quartile 1 170.75 
Median 174.00 
Quartile 3 177.00 
Maximum 183.00 
 
The heights of the participants of the study were between 164.00 and 183.00 cm.   
 
TABLE 4.9: FREQUENCY DISTRIBUTION OF THE STANDING HEIGHT (IN CM)  
OF THE PARTICIPANTS 
Height Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[164-168) 2 17 2 17 
[168-172) 3 25 5 42 
[172-176] 4 33 9 75 
(176-180] 1 8 10 83 
(180-184] 2 17 12 100 
Total 12 100     
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Indicated in Table 4.9 is the distribution of standing height across five intervals. When referring 
to the entire sample most participants had a height of between 172.00 and 176.00 cm. This 
makes up a total of four participants of the sample group which accounts for 33% of the study’s 
participants. In addition 75% (9 participants) of the sample had a height of between 164.00 and 
176.00 cm, whilst only 25% (3 participants) were taller than 176.00 cm. 
 
 
FIGURE 4.4: HISTOGRAM FOR THE STANDIN  
HEIGHT (IN CM) OF THE PARTICIPANTS 
 
Figure 4.4 shows that the majority of participants were in the standing height category 172 and 
176 cm. This figure is not skewed. 
 
4.3.3 Dominant Arm 
Table 4.10 reflects the descriptive statistics of the dominant arm of the boxers (only 
anthropometric data measured via questionnaire) involved in this study and indicates the 
participating boxers were predominantly (92%) right arm dominant.   
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TABLE 4.10: DESCRIPTIVE STATISTICS OF THE DOMINANT  
ARM OF THE PARTICIPANTS 
  Number Percentage (%) 
Right 11 91.70 
Left 1 8.30 
Total 12 100.00 
 
4.3.4 Arm Length & ¾ Arm Length Distance 
Table 4.11 reflects the descriptive statistics of the RAD and ¾RAD (measured in cm) of the 
boxers involved in this study and indicates that the mean length was 70.57 ± 4.86 cm (RAD) 
and 52.93 ± 3.64 cm (¾RAD) respectively.   
 
TABLE 4.11: DESCRIPTIVE STATISTICS OF THE  
RELATIVE ARM LENGTH DISTANCE AND ¾ RELATIVE  
ARM LENGTH DISTANCE (IN CM) OF THE  
PARTICIPANTS 
 
RAD (cm) ¾RAD (cm) 
N 12 12 
Mean 70.57 52.93 
S.D. 4.86 3.64 
Minimum 62.10 46.58 
Quartile 1 68.05 51.04 
Median 70.20 52.65 
Quartile 3 73.33 54.99 
Maximum 78.30 58.73 
 
The range of the RAD and ¾RAD of the participants of the study was between 62.10 and 78.30 
and 46.58 and 58.73 cm respectively.        
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TABLE 4.12: FREQUENCY DISTRIBUTION OF THE RAD (IN CM) OF THE  
PARTICIPANTS 
RAD Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[62.0-65.4) 2 17 2 17 
[65.4-68.8) 2 17 4 33 
[68.8-72.2] 4 33 8 67 
(72.2-75.6] 1 8 9 75 
(75.6-79.0] 3 25 12 100 
Total 12 100     
 
TABLE 4.13: FREQUENCY DISTRIBUTION OF THE ¾RAD (IN CM) OF THE  
PARTICIPANTS 
¾RAD Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[46.0-48.6) 2 17 2 17 
[48.6-51.2) 2 17 4 33 
[51.2-53.8] 4 33 8 67 
(53.8-56.4] 1 8 9 75 
(56.4-59.0] 3 25 12 100 
Total 12 100     
 
Indicated in Table 4.12 and 4.13 is the distribution of RAD and ¾RAD across five intervals. 
When referring to all of the participants most RAD fell between 68.8 and 72.2 and most ¾RAD 
were 51.2 and 53.8 cm. This makes up a total of four participants of the sample group which 
accounts for 33% of the study’s participants.     
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FIGURE 4.5: HISTOGRAM FOR THE RAD AND ¾RAD (IN CM) DISTRIBUTION OF THE 
PARTICIPANTS 
 
Figure 4.5 shows that the highest frequency of participants were in the RAD and ¾RAD 
category 51.2 to 53.8cm. These figures look the same because ¾RAD is a ratio of RAD. 
 
4.4 Total Response Time and Change in Total Response Time 
As stated earlier by Whiting et al. (1998) punch velocity is an influencing factor of punch force 
and Cepulenas et al. (2007) found that after undergoing boxing training, the duration of the 
boxer’s simple psychomotor RT decreased. This thus allowed for an overall increase in punch 
velocity. Punch velocity, which can be inferred from RT plus MT when punching from a constant 
distance from the target, make up TRT. This study however endeavoured to investigate the 
influence of distance from the target on TRT (an analogous to punch velocity). Therefore, TRT 
was gathered at RAD, ¾RAD and SSRAD for the DA and NA for description and analysis 
purposes.   
 
Moreover Werner (1998) anecdotally stated that a boxer needs to have a quick RT in order to 
quickly execute a punch when an opportunity arises. However, amateur boxing matches consist 
of two rounds of five minutes. Fatigue is a pressing problem for amateur boxers participating in 
these longer, when compared to professional boxing rounds. Thus the risk exists that fatigue 
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could negatively affect their RT and therefore their TRT making their punching less effective. To 
explore if TRT is negatively affected by fatigue, associated with punching from different 
distances from the target, the change in total response time (CTRT) was monitored at RAD, 
¾RAD and SSRAD with both DA and NA over a bout of repeated punching. This data was 
collected according to the procedure highlighting in Chapter 3 (page 35). The collected data was 
analysed and used to describe the effect of fatigue on TRT at the three distances from the 
target tested.  
 
4.4.1 Total Response Time at the RAD for Dominant and Non-dominant 
Arms 
Table 4.14 reflects the descriptive statistics of the TRT (measured in seconds) at RAD for both 
the DA and NA of the boxers involved in this study. Data in the table indicates that the mean 
TRT for the DA at RAD was 0.70 ± 0.15 seconds (sec). Similarly the mean TRT for the NA at 
RAD was 0.71 ± 0.15 sec. In this table “J” stand for jab.   
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TABLE 4.14: DESCRIPTIVE STATISTICS OF THE TOTAL RESPONSE TIME (IN SEC) AT RAD FOR 
DA AND NA OF THE PARTICIPANTS 
DA J1 to J10 J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 
n 120 12 12 12 12 12 12 12 12 12 12 
Mean 0.70 0.75 0.67 0.71 0.73 0.70 0.66 0.68 0.68 0.72 0.69 
S.D. 0.15 0.16 0.11 0.10 0.17 0.13 0.14 0.13 0.13 0.20 0.20 
Minimum 0.44 0.54 0.51 0.53 0.48 0.51 0.46 0.44 0.46 0.47 0.45 
Quartile 1 0.60 0.66 0.60 0.64 0.65 0.62 0.54 0.54 0.59 0.52 0.57 
Median 0.70 0.72 0.66 0.69 0.72 0.68 0.64 0.71 0.67 0.72 0.63 
Quartile 3 0.78 0.82 0.75 0.80 0.78 0.75 0.74 0.79 0.76 0.84 0.75 
Maximum 1.20 1.15 0.89 0.85 1.14 1.03 0.91 0.86 0.92 1.03 1.20 
NA 
           N 120 12 12 12 12 12 12 12 12 12 12 
Mean 0.71 0.69 0.77 0.73 0.70 0.77 0.72 0.66 0.70 0.66 0.68 
S.D. 0.14 0.12 0.10 0.12 0.11 0.21 0.15 0.14 0.16 0.17 0.13 
Minimum 0.39 0.50 0.58 0.61 0.55 0.43 0.53 0.46 0.49 0.39 0.50 
Quartile 1 0.59 0.62 0.72 0.65 0.59 0.64 0.58 0.54 0.56 0.55 0.59 
Median 0.69 0.69 0.79 0.71 0.71 0.73 0.71 0.64 0.71 0.64 0.65 
Quartile 3 0.80 0.70 0.81 0.77 0.78 0.90 0.82 0.77 0.78 0.73 0.78 
Maximum 1.14 0.98 0.94 1.00 0.89 1.14 0.99 0.86 0.99 0.94 0.94 
  
The TRT at RAD for both the DA and NA of the participants of the study were between 0.44 and 
1.20 sec and 0.39 and 1.14 sec respectively. The participant with the fastest TRT at RAD for the 
DA was 0.44 sec. The participant with the fastest TRT at RAD for the NA was 0.39 sec. Lastly, 
the slowest TRT at RAD for the DA achieved was 1.20 and 1.14 sec for the NA. A statistically 
significant indirect correlation existed between the age of the boxers and the TRT (Spearman 
rank = -0.66; p-value = 0.02). The correlation indicated that the older the boxer the faster the 
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TRT with the DA at RAD. However, no significant correlation was found between age and TRT 
for the NA at RAD. 
 
There isn’t sufficient previous research which relates age to RT, MT or TRT of any boxing motor 
skill. Although it isn’t boxing specific, Schmidt and Lee (2005) state that RT of motor skills 
decrease with age. Therefore, it could be concluded that this study agrees with previous 
research. However, as stated earlier, RT is only one part of TRT and more research should be 
gathered to assess the relationship between age and TRT. 
 
TABLE 4.15: FREQUENCY DISTRIBUTION OF THE TOTAL RESPONSE TIME (IN SEC) AT  
RAD FOR DA AND NA OF THE PARTICIPANTS 
DA Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[0.40-0.56) 22 18 22 18 
[0.56-0.72) 47 39 69 58 
[0.72-0.88] 40 33 109 91 
(0.88-1.04] 8 7 117 98 
(1.04-1.20] 3 3 120 100 
Total 120 100     
NA         
[0.30-0.48) 3 3 3 3 
[0.48-0.66) 45 38 48 40 
[0.66-0.84] 49 41 97 81 
(0.84-1.02] 20 17 117 98 
(1.02-1.20] 3 3 120 100 
Total 120 100     
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Indicated in Table 4.15 is the distribution of TRT at RAD for both the DA and NA across five 
intervals. When referring to all of the participants most TRTs at RAD for both the DA and NA 
were between 0.56 and 0.72 sec and 0.66 and 0.84 sec. Respectively. This makes up a total of 
47 and 49 trials of the sample group which accounts for 39 and 41% of the collected data.     
 
  
FIGURE 4.6: HISTOGRAM FOR THE TOTAL RESPONSE TIME (IN SEC) DISTRIBUTION  
AT RAD FOR THE DA AND NA OF THE PARTICIPANTS 
 
Figure 4.6 shows that the majority of participants’ TRT at RAD for both the DA and NA were 
between 0.56 and 0.72 sec and 0.66 and 0.84 sec respectively. These figures are positively 
skewed indicating most participants’ TRTs for the DA and NA were under 0.88 and 0.84 sec 
respectively. A boxer’s RAD has not previously been correlated to TRT. In this study a 
statistically significant correlation existed between the RAD and the TRT. The correlation 
indicated that the boxers with longer RAD had larger TRT with the DA at RAD (Spearman rank 
= 0.61; p-value = 0.04). This is logical because these boxers’ punches would have had further to 
travel. However, no significant correlation was found between RAD and TRT for the NA, which 
due to the stance assumed by the boxer was closer to the target. 
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4.4.2 Change in Total Response Time at RAD for Dominant and Non-
dominant Arms 
The changes in TRT (CTRT measurements), measured in percent, were derived from the TRTs 
and were calculated by dividing the first TRT by last TRT and then multiplying by 100. This 
generated a ratio indicating the percentage change in TRT from the first to the last (tenth) 
punch. Table 4.16 reflects the descriptive statistics of the CTRT at the RAD for DA and NA in 
this study. It indicated that the mean CTRT for the DA was -13.41 ± 22.28%. For the NA the 
mean CTRT was -2.28 ± 10.26%.   
 
TABLE 4.16: DESCRIPTIVE STATISTICS OF THE  
CHANGE IN TOTAL RESPONSE TIME (IN PERCENT) 
 AT RAD FOR DA AND NA OF THE PARTICIPANTS 
 
CTRT.DA. CTRT.NA. 
n 12 12 
Mean -13.41 -2.28 
S.D. 22.28 10.26 
Minimum -59.38 -17.89 
Quartile 1 -19.56 -9.45 
Median -10.18 -3.62 
Quartile 3 1.05 7.51 
Maximum 20.93 13.74 
 
The CTRT measurements for DA at RAD were between -59.38% (minimum) and 20.93% 
(maximum). The lowest recorded CTRT for the participant’s NA at RAD was -17.89% and the 
highest was 13.74%.  
 
A large negative CTRT indicates a large decrease in TRTs (TRTs become faster throughout the 
trial). The decrease in TRT comes as a surprise because it was theorized that fatigue would 
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cause an increase in TRTs. Therefore it is likely that ten jabs are not enough to induce fatigue 
and the result might be due to a learning effect among the participants. 
 
 
FIGURE 4.7: LINE GRAPH DEPICTING THE MEAN TOTAL RESPONSE TIME PER TRIAL AT RAD 
FOR THE DA AND NA 
  
Figure 4.7 is a reflection of the average participant’s TRT throughout the allotted trials (10 jabs). 
One can see the trend of the graph lines showing a slow yet steady decrease in the participant’s 
TRT at DA and NA as the trials mount and motor learning occurs. As was stated earlier, the 
mean CTRT for the DA and NA were -13.41% and -2.28% respectively. Having a small negative 
CTRT indicates that there is a decrease in TRT time as the trial progresses. These changes in 
TRT are a reflection of how motor learning affects the MT and RT of a jab. This agrees with 
previous research such as by Herbort and Butz (2009) who state that RTs were shorter if 
participants had advance information (in this case previous jabs and trials) about the target. The 
CTRT data perhaps also supports a learning effect, as the decrease over the 10 jabs on the DA 
was much greater than that observed for the NA. This could suggest that boxers learn faster 
with a dominant limb than a non-dominant limb. However, this information was not the goal of 
the study and there is no previous literature to support this; therefore more data needs to be 
gathered for conclusions to be made.  
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4.4.3 Total Response Time at the ¾RAD for Dominant and Non-dominant 
Arms 
Table 4.17 reflects the descriptive statistics of the TRT (in sec) at ¾RAD for both the DA and 
NA of the boxers involved in this study and indicates that the mean value for the DA was 0.67 ± 
0.16 sec and 0.66 ± 0.14 sec for the NA. 
 
TABLE 4.17: DESCRIPTIVE STATISTICS OF THE TOTAL RESPONSE TIME (IN SEC) AT ¾RAD  
FOR THE DA AND NA OF THE PARTICIPANTS 
DA 
J1 to 
J10 J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 
n 120 12 12 12 12 12 12 12 12 12 12 
Mean 0.67 0.82 0.71 0.59 0.67 0.60 0.67 0.64 0.66 0.69 0.68 
S.D. 0.16 0.27 0.14 0.10 0.16 0.09 0.14 0.14 0.10 0.18 0.11 
Minimum 0.40 0.48 0.48 0.40 0.43 0.44 0.40 0.42 0.43 0.48 0.51 
Quartile 1 0.58 0.62 0.59 0.51 0.59 0.57 0.61 0.59 0.62 0.56 0.62 
Median 0.65 0.74 0.77 0.61 0.65 0.63 0.69 0.62 0.66 0.65 0.68 
Quartile 3 0.76 0.94 0.85 0.64 0.73 0.65 0.75 0.70 0.76 0.78 0.75 
Maximum 1.35 1.35 0.87 0.77 1.00 0.72 0.91 0.88 0.80 1.02 0.90 
NA 
           n 120 12 12 12 12 12 12 12 12 12 12 
Mean 0.66 0.77 0.66 0.63 0.62 0.59 0.70 0.61 0.67 0.65 0.67 
S.D. 0.14 0.13 0.08 0.13 0.11 0.10 0.25 0.11 0.16 0.11 0.14 
Minimum 0.38 0.62 0.54 0.38 0.44 0.44 0.45 0.46 0.48 0.49 0.47 
Quartile 1 0.57 0.66 0.59 0.54 0.55 0.53 0.55 0.55 0.55 0.57 0.57 
Median 0.64 0.72 0.65 0.64 0.62 0.59 0.62 0.61 0.64 0.68 0.65 
Quartile 3 0.73 0.88 0.74 0.72 0.70 0.64 0.74 0.66 0.79 0.69 0.75 
Maximum 1.30 1.00 0.76 0.79 0.81 0.78 1.30 0.89 0.97 0.90 0.91 
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The TRT at ¾RAD for both the DA and NA of the participants of the study were between 0.40 
and 1.35 sec and 0.38 and 1.30 sec respectively. The values for the fastest TRT at ¾RAD for 
both the DA and NA were 0.40 were and 0.38 sec, and the slowest values for the trial were 1.35 
and 1.30 sec respectively. No significant difference was observed between the DA and NA for 
TRT at ¾RAD.     
 
This study found a statistically significant negative correlation between the age of boxers and 
TRTs at the ¾RAD for the DA. The correlation indicated that the older boxers all had shorter 
TRTs at the ¾RAD for the DA (Spearman rank = -0.66; p value = 0.02). This is similar to what 
was observed between age and TRT at the RAD, this indicates that the older boxers had 
quicker RTs and MT with their DA jabs.     
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TABLE 4.18: FREQUENCY DISTRIBUTION OF THE TOTAL RESPONSE TIME (IN SEC) AT  
¾RAD FOR DA AND NA OF THE PARTICIPANTS 
DA Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[0.40-0.60) 34 28 34 28 
[0.60-0.80) 67 56 101 84 
[0.80-1.00] 16 13 117 98 
(1.00-1.20] 1 1 118 98 
(1.20-1.40] 2 2 120 100 
Total 120 100     
NA         
[0.30-0.52) 19 16 19 16 
[0.52-0.74) 73 61 92 77 
[0.74-0.96] 24 20 116 97 
(0.96-1.18] 3 3 119 99 
(1.18-1.40] 1 1 120 100 
Total 120 100     
  
Indicated in Table 4.18 is the distribution of TRT at ¾RAD for both the DA and NA across five 
intervals. When referring to all of the participants most TRTs at ¾RAD for both the DA and NA 
were between 0.60 and 0.80 sec and 0.52 and 0.74 sec respectively. This makes up a total of 
67 and 73 trials of the sample group which accounts for 56 and 61% of the collected data.   
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FIGURE 4.8: HISTOGRAM FOR THE TOTAL RESPONSE TIME (IN SEC) DISTRIBUTION AT ¾RAD 
FOR THE DA AND NA OF THE PARTICIPANTS 
 
Figure 4.8 shows that the majority of trials were between 0.60 and 0.80 sec and 0.52 and 0.74 
sec TRT intervals at ¾RAD for the DA and NA respectively. These figures are positively skewed 
indicating most participants were under the time of 1.00 and 0.96 sec for DA and NA 
respectively. 
 
4.4.4 Change in Total Response Time at the ¾RAD for Dominant and Non-
dominant Arms 
Table 4.19 reflects the descriptive statistics of the CTRT measurements (measured in percent) 
at the ¾RAD of the boxers involved in this study. It indicates that the mean CTRT for the DA 
was -18.9 ± 32.67% and -20.31 ± 31.07% for the NA.   
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TABLE 4.19: DESCRIPTIVE STATISTICS OF THE  
CHANGE IN TOTAL RESPONSE TIME (IN PERCENT) AT 
 ¾RAD FOR DA AND NA OF THE PARTICIPANTS 
 
CTRT.DA. CTRT.NA. 
n 12 12 
Mean -18.9 -20.31 
S.D. 32.67 31.07 
Minimum -96.65 -75.6 
Quartile 1 -26.89 -41.52 
Median -8.87 -10.33 
Quartile 3 -1.46 1.45 
Maximum 26.46 22.98 
 
The CTRT at the ¾RAD of the participant’s DA of the study was between -96.65 and 26.46% 
and -75.60 and 22.98% for the NA respectively. The lowest recorded CTRT at the ¾RAD was -
96.65% for the DA and -75.60% for the NA. The highest recorded CTRT at the ¾RAD for the 
DA was 26.46% and 22.98% for the NA. Since the mean CTRT for the boxers were large 
negative numbers this indicates that the predominant number of boxers’ TRT decreased as the 
trials progressed. This was contrary to what was expected to happen as a result of fatigue. It 
was however perhaps indicative of a learning effect amongst the participants.  
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FIGURE 4.9: LINE GRAPH DEPICTING THE MEAN TOTAL RESPONSE TIME (IN SEC) PER  
TRIAL ¾RAD FOR THE DA AND NA 
 
Figure 4.9 is a reflection of the average participant’s TRT per trial for their trials (10 jabs). One 
can see the slow yet steady decrease in the participant’s TRT at DA and NA as the trial 
continues and motor learning occurs. Just as with TRT at the RAD, the participants obtained 
negative values for their CTRT meaning there was a small decrease in TRT throughout the trial. 
Once again, this agrees with previous research such as by Herbort and Butz (2009) who state 
that RTs were shorter if participants had advance information (in this case previous jabs and 
trials) about the target.   
 
4.4.5 Total Response Time at the Self Selected Arm Length Distance for 
Dominant and Non-dominant Arms 
Table 4.20 reflects the descriptive statistics of the TRT (in sec) at SSRAD for both the DA and 
NA of the boxers involved in this study and indicates that the mean value for the DA was 0.65 ± 
0.13 sec and NA was 0.60 ± 0.12 sec. 
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TABLE 4.20: DESCRIPTIVE STATISTICS OF THE TOTAL RESPONSE TIME (IN SEC) AT SSRAD 
FOR DA AND NA OF THE PARTICIPANTS 
DA 
J1 to 
J10 J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 
n 120 12 12 12 12 12 12 12 12 12 12 
Mean 0.65 0.68 0.66 0.63 0.60 0.69 0.61 0.68 0.65 0.65 0.68 
S.D. 0.13 0.12 0.19 0.12 0.10 0.11 0.11 0.17 0.10 0.14 0.12 
Minimum 0.35 0.52 0.45 0.46 0.43 0.47 0.50 0.48 0.52 0.35 0.49 
Quartile 1 0.57 0.60 0.52 0.53 0.55 0.65 0.53 0.54 0.58 0.59 0.58 
Median 0.65 0.67 0.63 0.63 0.59 0.68 0.58 0.64 0.66 0.68 0.67 
Quartile 3 0.72 0.73 0.70 0.71 0.65 0.75 0.66 0.75 0.69 0.76 0.75 
Maximum 1.09 0.96 1.02 0.87 0.82 0.87 0.84 1.09 0.85 0.83 0.89 
NA 
           n 120 12 12 12 12 12 12 12 12 12 12 
Mean 0.60 0.70 0.57 0.62 0.55 0.57 0.59 0.63 0.63 0.58 0.57 
S.D. 0.12 0.20 0.10 0.11 0.11 0.11 0.09 0.09 0.09 0.11 0.10 
Minimum 0.37 0.48 0.42 0.44 0.37 0.42 0.47 0.43 0.50 0.42 0.41 
Quartile 1 0.52 0.57 0.48 0.52 0.47 0.49 0.53 0.56 0.55 0.51 0.49 
Median 0.58 0.60 0.56 0.62 0.55 0.55 0.57 0.65 0.62 0.56 0.55 
Quartile 3 0.67 0.84 0.64 0.72 0.60 0.61 0.64 0.68 0.71 0.65 0.66 
Maximum 1.07 1.07 0.72 0.79 0.73 0.77 0.76 0.76 0.78 0.77 0.75 
   
The TRT at SSRAD for both the DA and NA of the participants of the study were between 0.35 
and 1.09 sec and 0.37 and 1.07 sec respectively.  
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TABLE 4.21: FREQUENCY DISTRIBUTION OF THE TOTAL RESPONSE TIME (IN SEC)  
AT SSRAD FOR DA AND NA OF THE PARTICIPANTS 
DA Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[0.30-0.46) 4 3 4 3 
[0.46-0.62) 47 39 51 43 
[0.62-0.78] 49 41 100 83 
(0.78-0.94] 16 13 116 97 
(0.94-1.10] 4 3 120 100 
Total 120 100     
NA         
[0.30-0.46) 9 8 9 8 
[0.46-0.62) 65 54 74 62 
[0.62-0.78] 41 34 115 96 
(0.78-0.94] 3 3 118 98 
(0.94-1.10] 2 2 120 100 
Total 120 100     
 
Indicated in Table 4.21 is the distribution of TRT at SSRAD for both the DA and NA across five 
intervals. When referring to all of the participants most TRTs at SSRAD for both the DA and NA 
were between 0.62 and 0.78 sec and 0.46 and 0.62 sec. This makes up a total of 49 and 65 
trials of the sample group which accounts for 41 and 54% of the data collection respectively.  
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FIGURE 4.10: HISTOGRAM FOR THE TOTAL RESPONSE TIME (IN SEC) DISTRIBUTION AT  
SSRAD FOR THE DA AND NA OF THE PARTICIPANTS 
 
Figure 4.10 shows that the majority of participants in respect of TRT at SSRAD for both the DA 
and NA fell between 0.62 and 0.78 sec and 0.46 and 0.62 sec respectively. These figures are 
positively skewed indicating most participants were under the time of 0.78 sec for both the DA 
and NA. 
 
4.4.6 Change in Total Response Time at the Self Selected Arm Length 
Distance for Dominant and Non-dominant Arms 
Table 4.22 reflects the descriptive statistics of the CTRT measurements (measured in percent) 
at the SSRAD for the DA and NA. It indicated that the mean value for the DA was -2.58 ± 
17.84%. For the NA the mean amount was -23.22 ± 28.59%.  
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TABLE 4.22: DESCRIPTIVE STATISTICS OF THE  
CHANGE IN TOTAL RESPONSE TIME (IN PERCENT) 
 AT THE SSRAD FOR THE DA AND NA OF THE 
 PARTICIPANTS 
  CTRT.DA. CTRT.NA. 
N 12 12 
Mean -2.58 -23.22 
S.D. 17.84 29.59 
Minimum -25.57 -99.25 
Quartile 1 -15.61 -37.04 
Median -7.88 -14.05 
Quartile 3 10.96 -4.83 
Maximum 28.68 10.09 
 
The CTRT at the SSRAD for the DA of this study was recorded between -25.57 and 28.68% 
and -99.25 and 10.09% for the NA. The lowest recorded CTRT was -25.57 for the DA and -
99.95% for the NA. Since the mean CTRT measurements for the boxers were large negative 
numbers this indicates that the boxers TRT decreased as the trials progressed. Thus, just as at 
the previous distances from the target, there was a possible learning effect amongst the 
participants.  
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FIGURE 4.11: LINE GRAPH DEPICTING THE MEAN TOTAL RESPONSE TIME PER TRIAL AT 
SSRAD FOR THE DA AND NA 
  
Figure 4.11 is a reflection of the average participant’s TRT per trial for their trials (10 jabs) at 
SSRAD. One can see the slow yet steady decrease in the participant’s TRT at DA and NA as 
the trial continues and motor learning occurs. Just as with TRT at the RAD, the participants 
obtained small negative numbers for their CTRT.  Once again, this agrees with previous 
research such as by Herbort and Butz (2009) who state that RTs were shorter if participants had 
advance information (in this case previous jabs and trials) about the target.   
 
4.4.7 Effect of Distance from the Target on TRT and CTRT 
According to Table 4.23 the distances where the boxers delivered the fastest TRTs (measured 
in sec) were the SSRAD for both the DA (0.65 sec) and NA (0.60 sec.). In contrast the distance 
from which the boxers slowest TRTs were the RAD for both the DA (0.70 sec) and the NA (0.71 
sec). No significant differences were found between the TRT at the different distances. From 
this it can be concluded that distance does not strongly effect TRT. Although no statistical 
significant differences were found, from a practical standpoint the boxers delivered the fastest 
jabs at a distance from the target they selected themselves and the slowest jabs were delivered 
from RAD, which was furthest away from the target. This is logical because the jabs had a 
larger distance to travel.    
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1 2 3 4 5 6 7 8 9 10
T
im
e 
(i
n
 s
ec
) 
Trials 
TRT.D
TRT.N
70 
 
TABLE 4.23: DESCRIPTIVE STATISTICS OF THE TOTAL RESPONSE TIME (IN SEC) AT  
THE RAD, ¾RAD AND SSRAD FOR THE DA AND NA OF THE PARTICIPANTS 
  RAD.DA ¾RAD.DA SSRAD.DA RAD.NA ¾RAD.NA SSRAD.NA 
  
J1 to 
J10 J1 to J10 J1 to J10 
J1 to 
J10 J1 to J10 J1 to J10 
N 120 120 120 120 120 120 
Mean 0.7 0.67 0.65 0.71 0.66 0.6 
S.D. 0.15 0.16 0.13 0.14 0.14 0.12 
Minimum 0.44 0.4 0.35 0.39 0.38 0.37 
Quartile 1 0.6 0.58 0.57 0.59 0.57 0.52 
Median 0.7 0.65 0.65 0.69 0.64 0.58 
Quartile 3 0.78 0.76 0.72 0.8 0.73 0.67 
Maximum 1.2 1.35 1.09 1.14 1.3 1.07 
 
According to Table 4.24 the distances where the boxers had the smallest CTRT measurements 
for 10 consecutive punches were the NA (-2.28 ± 10.26%) at RAD and for the DA (-2.58 ± 
17.84%) at SSRAD. The distances where the boxers had the greatest CTRT measurements 
were at ¾RAD for both the DA (-18.90 ± 32.67%) and NA (-20.31 ± 31.07%). It should be noted 
that on average all CTRT measurements where negative indicating that boxers’ TRTs became 
faster from the first to the last punch. The results thus possibly indicated that the boxers had a 
greater learning effect when they deliver jabs at closer distances because their RTs and MTs 
improved.    
  
71 
 
TABLE 4.24: DESCRIPTIVE STATISTICS OF THE CHANGE IN TOTAL RESPONSE TIME (IN 
PERCENT) AT THE RAD, ¾RAD AND SSRAD FOR THE DA AND NA OF THE PARTICIPANTS 
 
         RAD 
 
¾RAD 
 
SSRAD 
 
 
CTRT.DA. CTRT.NA. CTRT.DA. CTRT.NA. CTRT.DA. CTRT.NA. 
n 12 12 12 12 12 12 
Mean -13.41 -2.28 -18.9 -20.31 -2.58 -23.22 
S.D. 22.28 10.26 32.67 31.07 17.84 29.59 
Minimum -59.38 -17.89 -96.65 -75.6 -25.57 -99.25 
Quartile 1 -19.56 -9.45 -26.89 -41.52 -15.61 -37.04 
Median -10.18 -3.62 -8.87 -10.33 -7.88 -14.05 
Quartile 3 1.05 7.51 -1.46 1.45 10.96 -4.83 
Maximum 20.93 13.74 26.46 22.98 28.68 10.09 
 
No significant differences were found between CTRT and distance. From this it can be 
concluded that distance does not strongly effect CTRT. 
 
4.5 Number of Punches 
Anecdotally, it is been stated that for boxers to be successful they need to be able to produce 
jabs with a fast MT and continue to do so for extended periods of time during matches (Werner, 
1998). This section will give data describing the number of punches a boxer is able to deliver in 
30 sec. In addition the effect that distance on the target has on the ability of the participant to 
punch repeatedly will be analysed.    
 
4.5.1 Number of Punches for Dominant Arm and Non-dominant arms 
Table 4.25 reflects the descriptive statistics of the number of punches (#OP) at RAD, ¾RAD 
and SSRAD for the DA and NA of the boxers involved in this study over a 30 sec period. Table 
4.25 indicates that the mean #OP at RAD, ¾RAD and SSRAD for the DA were 82.36 ± 9.17, 
87.45 ± 9.11 and 87.82 ± 10.21 punches respectively. For the NA the means were 82.58 ± 
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10.03, 85.58 ± 10.90 and 88.75 ± 11.11 punches respectively. Only 11 boxers were included in 
this data for the DA because one boxer was recently recovered from an injury on their DA.    
 
TABLE 4.25: DESCRIPTIVE STATISTICS OF THE NUMBER OF PUNCHES  
(IN PUNCHES) FOR DA AND NA 
  RAD.DA.#OP ¾RAD.DA.#OP 
SSRAD.DA. 
#OP 
n 11 11 11 
Mean 82.36 87.45 87.82 
S.D. 9.17 9.11 10.21 
Minimum 68.00 74.00 73.00 
Quartile 1 74.5 80.5 80.50 
Median 85.00 88.00 88.00 
Quartile 3 90.00 92.50 91.50 
Maximum 95.00 103.00 106.00 
  RAD.NA.#OP ¾RAD.NA.#OP 
SSRAD.NA. 
#OP 
n 12 12 12 
Mean 82.58 85.58 88.75 
S.D. 10.03 10.90 11.11 
Minimum 63.00 68.00 70.00 
Quartile 1 76.00 79.50 82.75 
Median 85.00 84.00 86.00 
Quartile 3 89.75 93.25 98.5.00 
Maximum 95.00 104.00 104.00 
 
The #OP for the DA at the RAD, ¾RAD and SSRAD ranged from 68 to 95, 74 to 103 and 73 to 
106 respectively. For the NA the #OP at RAD, ¾RAD and SSRAD ranged from 63 to 95, 68 to 
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104 and 70 to 104 punches respectively. The participant with the smallest #OP was found at 
RAD for both the DA (68) and NA (63), and the largest were both found at SSRAD (104 
punches).  
 
A boxer’s TRT has not been previously correlated to the #OP. In this study, many statistically 
significant indirect correlations existed between TRT and #OP. Two correlations indicated that 
the boxers with faster TRTs at SSRAD for the NA had larger #OP at the ¾RAD for the DA and 
NA (Spearman Rank =-0.64 and -0.71; p value = 0.03 and 0.01). Having a larger #OP is a good 
indicator of the ability of a boxer to deliver jabs with a shorter MT. This was not surprising to 
find, because the boxers that have shorter TRTs would be more likely to have faster MTs, and 
having a faster MT would greatly assist in delivering a large number of punches in a given time.  
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TABLE 4.26: FREQUENCY DISTRIBUTION FOR THE NUMBER OF PUNCHES  
(IN PUNCHES) FOR DA AND NA 
DA Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[68.0 to 75.6) 5 15 5 15 
[75.6 to 83.2) 7 21 12 36 
[83.2 to 90.8] 13 39 25 76 
(90.8 to 98.4] 5 15 30 91 
(98.4 to 106.0] 3 9 33 100 
Total 33 100     
NA         
[63.0 to 71.2) 4 11 4 11 
[71.2 to 79.4) 5 14 9 25 
[79.4 to 87.6] 13 36 22 61 
(87.6 to 95.8] 7 19 29 81 
(95.8 to 104.0] 7 19 36 100 
Total 36 100     
 
Indicated in Table 4.26 is the distribution of the #OP across all distances for DA and NA across 
five intervals. When referring to all of the participants most #OP for DA and NA fell between 
83.2 and 90.8 and 79.4 and 87.6 punch ranges respectively. This makes up a total of 13 for the 
DA and 13 for the NA which accounts for 39 and 36% of the data respetively.   
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FIGURE 14.12: HISTOGRAM FOR THE NUMBER OF PUNCHES (IN PUNCHES) DISTRIBUTION AT 
RAD, ¾RAD AND SSRAD FOR THE DA AND NA OF THE PARTICIPANTS 
 
Figure 14 shows that the majority of participants were in the #OP category between 83.2 and 
90.8 and 79.4 and 87.6 punches for the DA and NA respectively.These figures have no skew.   
 
4.5.2 Effect of Distance from the Target on # of Punches 
According to Table 4.25 the distance where the boxers delivered the most #OPs (measured in 
punches) was at the SSRAD with the DA and NA delivering 87.82 and 88.75 punches 
respectively. The distance where the boxers delivered the least #OPs was at the RAD with the 
DA and NA delivering 82.36 and 82.58 punches respectively. No statistically significant 
differences were found between the number of punches at the three distances, but there seems 
to be a tendency for boxers to deliver jabs with faster MTs at spontaneous distances rather than 
fixed distances.  
 
4.6 Peak Jab Punch Force and Fatigue Resistance Index 
Punch force was gathered at the three distances from the target to describe and compare the 
repeated punch force of DA and NA jabs. According to Walilko et al. (2005), the peak punch 
forces of professional boxers were measured at 1666 to 6860 Newtons (N). However, Walilko et 
al. (2005) found that there was a significant difference between the jab punch forces delivered 
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by elite, intermediate and novice boxers. Walilko et al. (2005) agrees with Smith et al. (2000) 
that there is a relationship between punch force (labeled MPz in this study) and rank. However, 
Walilko et al. (2005) disagreed with Smith et al. (2000) findings that MPz is related to MT.  
 
Researchers such as Heller et al. (1998), Lin et al. (2006) and Cepulenas et al. (2007) agree 
that boxing and the martial arts place high demands on anaerobic power. Anaerobic fatigue is 
usually measured with a fatigue resistance index (FRI) via a standard Wingate test on an arm 
ergometer, making it slightly more applicable to sports where upper body activity predominates. 
The data collected here from tests conducted describes an alternate approach to generating a 
FRI for boxers based on the produced repeated jab punch force at three distances from the 
target. This generated FRI will be described using the peak power force data collected at the 
three distances from the target.   
 
4.6.1 Peak Vertical Jab Punch Force for Dominant and Non-dominant arms 
Table 4.27 reflects the descriptive statistics of the MPz (Max Vertical Punch Force) (measured 
in N) at RAD, ¾RAD and SSRAD for DA and NA of the boxers involved in this study. Just as 
with the #OP, only 11 boxers were included in this data for the DA because one boxer recently 
recovered from an injury on his DA. The data indicated that the mean values (N) for the DA 
were 2272.99 ± 507.37, 2372.31 ± 524.70 and 2198.01 ± 380.12 N for the RAD, ¾RAD and 
SSRAD respectively. Conversely MPz for the NA at RAD, ¾RAD and SSRAD were 1807.09 ± 
417.14, 1922.27 ± 470.52 and 1827.13 ± 444.27 N respectively.   
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TABLE 4.27: DESCRIPTIVE STATISTICS OF PEAK JAB PUNCH FORCE (IN N) FOR  
DA AND NA 
  MPz.RAD.DA MPz.¾RAD.DA MPz.SSRAD.DA 
n 11 11 11 
Mean 2272.99 2372.31 2198.01 
S.D. 507.37 524.70 380.12 
Minimum 1372.71 1740.21 1452.27 
Quartile 1 2057.30 1924.65 2071.11 
Median 2227.19 2435.02 2201.60 
Quartile 3 2652.89 2677.24 2362.48 
Maximum 3123.19 3403.38 2948.63 
  MPz.RAD.NA MPz.¾RAD.NA MPz.SSRAD.NA 
n 12 12 12 
Mean 1807.09 1922.27 1827.13 
S.D. 417.14 470.52 444.27 
Minimum 1329.63 1400.26 1344.41 
Quartile 1 1513.02 1508.40 1512.08 
Median 1721.77 1976.33 1643.80 
Quartile 3 2024.76 2163.04 2095.06 
Maximum 2749.08 2946.28 2877.75 
 
The smallest MPzs, for all participants, were found at RAD for both the DA (1372.71 N) and NA 
(1329.63 N). Conversely the largest MPzs, for all participants, were found at ¾RAD for both the 
DA (3403.38 N) and NA (2946.28 N).   
 
Anthropometric variables that could possibly influence the magnitude of MPz were investigated. 
It was found that the height of the boxer influenced the magnitude of MPz produced. A 
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statistically significant correlation existed between standing height and MPz for the NA at ¾RAD 
(Spearman Rank = 0.62; p value= 0.03). The correlation indicated that the taller boxers had 
larger MPzs at the ¾RAD for the NA. 
 
In the past, a boxer’s MT has been correlated to their performance or more specifically MPz 
(Smith et al. 2000). In this study, the rank of a boxer was determined via questionnaire. More 
specifically, if a boxer was provincially ranked he was given a score of 1 and a nationally ranked 
boxer was given a score of a 2. Many statistically significant negative correlations were evident 
between TRT and MPz. All of the statistics indicated that boxers with faster TRTs had larger 
MPz. Two negative correlations indicated that the boxers that had faster TRTs at RAD for the 
DA had larger MPz at RAD and SSRAD for the NA (Spearman Rank = -0.68 and -0.71.; p 
value= 0.02 and 0.01). Another two negative correlation indicated that boxers that had faster 
TRTs at the ¾RAD for the DA proved to have more powerful MPz at the RAD and SSRAD for 
the NA (Spearman Rank = -0.62 and -0.61; p value = 0.03 and 0.04). Lastly, another negative 
correlation indicated that boxers that had faster TRTs at the SSRAD for the DA have more 
powerful MPz at the RAD for the NA (Spearman Rank = -0.69; p value = 0.01). Therefore, five 
negative correlations were found, suggesting that the data found in this study agrees with 
previous data collected by Smith et al. (2000). More specifically, they suggest that there is a 
relationship between TRT and punch force.   
 
A boxer’s CTRT has not previously been correlated to the MPz. In this study many statistically 
significant correlations existed between CTRT and MPz. The first correlation indicated that the 
boxers with larger CTRT at the ¾RAD for the DA had larger MPz at the RAD and SSRAD for 
the NA (Spearman Rank = 0.59 and 0.60; p value = 0.04 and 0.04). Another correlation 
indicated that the boxers with larger CTRT at the SSRAD for the NA had larger MPz at the 
¾RAD for the NA (Spearman Rank = -0.59; p value = 0.04). Lastly, a correlation indicated that 
the boxers with larger CTRT at the RAD for the DA proved to have larger MPz at the RAD for 
the DA (Spearman Rank = 0.67 and 0.71; p value = 0.02 and 0.01). This could suggest that the 
proposed learning effect, because it was found that boxers decreased their TRTs from the 1st to 
the 10th trial, that the boxers had, was related to MPz.     
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TABLE 4.28: FREQUENCY DISTRIBUTION OF PEAK JAB PUNCH FORCE (IN N) FOR  
DA AND NA 
  Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[1329.0 to 1744.0) 24 35 24 35 
[1744.0 to 2159.0) 15 22 39 57 
[2159.0 to 2574.0] 18 26 57 83 
(2574.0 to 2989.0] 10 14 67 97 
(2989.0 to 3404.0] 2 3 69 100 
Total 69 100     
 
Indicated in Table 4.28 is the distribution of MPz (in N) for the DA and NA across five intervals. 
When referring to all of the participants most of the participants’ MPz for the DA and NA were 
between 1329.0 and 1744.0 N. This makes up a total of 24 participants of the sample group 
which accounts for 35% of the data collection.     
  
80 
 
 
 
FIGURE 4.13: HISTOGRAM FOR THE  
PEAK JAB PUNCH FORCE (MESURED IN N) 
 DISTRIBUTION AT RAD, ¾RAD AND SSRAD 
 FOR THE DA AND NA OF THE PARTICIPANTS 
 
Figure 4.13 shows that the majority of participants produced MPz between 1329.0 and 1744.0 
N. This figure has no skew.   
 
4.6.2 FRI for Dominant and Non-dominant arms 
FRI, or Fatigue Resistance Index, is a fitness test to measure anaerobic fatigue. It is derived 
from subtracting the Peak Power Ability from the Minimum Power ability, then dividing it by the 
Peak Power Ability, and multiplying it by 100. A small positive number represents a good 
resistance to fatigue whereas a large positive number represents a poor resistance to fatigue. A 
small negative number represents that the punches became slightly harder and faster near the 
end of the trial than the beginning of the trial. Contrary to that, a large negative number would 
represent that punches became much more powerful and faster near the end of the trial then at 
the beginning of the trial. FRIs were taken at the RAD, ¾RAD and SSRAD. Table 4.29 reflects 
the descriptive statistics of the FRI for the DA of the boxers involved in this study and indicated 
that the mean values were 23.06 ± 19.23, 8.70 ± 31.84 and 11.23 ± 16.26% for RAD, ¾RAD 
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and SSRAD respectvely. For the NA the mean amounts were 24.59 ± 18.94, 24.05 ± 18.39 and 
22.53 ± 15.71% respectively.  
TABLE 4.29: DESCRIPTIVE STATISTICS FOR THE FATIGUE RESISTANCE INDEX (IN PERCENT)  
FOR DA AND NA 
  RAD.DA.FRI ¾RAD.DA.FRI SSRAD.DA.FRI 
n 11 11 11 
Mean 23.06 8.70 11.23 
S.D. 19.23 31.84 16.26 
Minimum -8.84 -58.56 -13.23 
Quartile 1 8.78 -0.42 -0.46 
Median 26.39 18.51 13.44 
Quartile 3 30.29 29.80 17.86 
Maximum 61.71 40.67 40.37 
  RAD.NA.FRI ¾RAD.NA.FRI SSRAD.NA.FRI 
n 12 12 12 
Mean 24.59 24.05 22.53 
S.D. 18.94 18.39 15.71 
Minimum -11.36 -6.76 -0.20 
Quartile 1 9.13 16.68 8.24 
Median 28.63 23.47 22.51 
Quartile 3 39.57 34.82 33.49 
Maximum 47.82 57.96 49.49 
 
The FRI at RAD, ¾RAD and SSRAD for DA of the participants of the study were between -8.84 
and 61.71, -58.56 and 40.67 and -13.23 and 40.37% respectively. A boxer’s TRT has not been 
previously correlated to FRI. In this study three statistically significant direct correlations existed 
between TRT and FRI. The first correlation indicated that the boxers with slower TRTs at RAD 
for the DA had larger FRI at the RAD for the DA (Spearman Rank = 0.64; p value = 0.04). The 
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second correlation indicated that boxers that had slower TRTs at ¾RAD for the NA had larger 
FRI at the SSRAD for the DA (Spearman Rank = 0.68; p value = 0.01). The third correlation 
indicated that the boxers that had slower TRTs at RAD for the NA had larger FRI at the SSRAD 
for the DA (Spearman Rank = 0.77; p value = 0.01). Having a larger FRI would represent a 
poorer resistance to fatigue.  Thus boxers that had slower RTs and MTs had less resistance to 
fatigue than their counterparts. 
 
A boxer’s MPz has not been previously correlated to FRI. In this study three statistically 
significant correlations existed between MPz and FRI. The first correlation indicated that the 
boxers with more powerful MPz at RAD for the NA had smaller FRI at the RAD for the DA 
(Spearman Rank = -0.72; p value = 0.01). Another correlation indicated that the boxers with 
more powerful MPz at the ¾RAD for the DA had smaller FRI at the ¾RAD for the DA 
(Spearman Rank = -0.70; p value = 0.02). The last correlation indicated that the boxers with 
more powerful MPz at the SSRAD for the NA had smaller FRI at the RAD for the DA (Spearman 
Rank =-0.89; p value = 0.00). Thus, at all three distances boxers that had more powerful MPz 
had smaller FRI, and smaller FRI is an indication of good resistance to fatigue. 
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TABLE 4.30: FREQUENCY DISTRIBUTION FOR THE FATIGUE RESISTANCE INDEX  
(IN PERCENT) FOR DA AND NA 
DA Number 
Percentage 
(%) 
Cumulative 
Number Percentage (%) 
[-59.0 to -34.8) 2 6 2 6 
[-34.8 to -10.6) 2 6 4 12 
[-10.6 to 13.6] 11 33 15 45 
(13.6 to 37.8] 14 42 29 88 
(37.8 to 62.0] 4 12 33 100 
Total 33 100     
NA         
[-12.0 to 2.0) 4 11 4 11 
[2.0 to 16.0) 7 19 11 31 
[16.0 to 30.0] 10 28 21 58 
(30.0 to 44.0] 11 31 32 89 
(44.0 to 58.0] 4 11 36 100 
Total 36 100     
  
Indicated in Table 4.30 is the distribution of FRI for the DA and NA across five intervals. When 
referring to all of the participants most FRIs of participants were between 13.6 and 37.8 and 
30.0 and 44.0%. This makes up a total of 14 and 11 participants of the sample group which 
accounts for 42 and 31% of the data collection respectively.     
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FIGURE 4.14: HISTOGRAM FOR THE FATIGUE RESISTANCE INDEX DISTRIBUTION AT  
RAD, 3/4RAD AND SSRAD FOR THE DA AND NA OF THE PARTICIPANTS 
 
Figure 4.14 shows that the majority of participants produced FRIs for the DA and for the NA 
between 13.6 and 37.8 and 30.0 and 44.0% respectively. These figures are negatively skewed 
indicating most participants were over the -10.6 and 30.0% respectively.   
 
4.6.3 Effect of Distance on MPz and FRI for Dominant and Non-dominant 
arms 
According to Table 4.27 the distances where the boxers delivered the most powerful MPz 
(measured in N) were at the dominant arm (2372.31 N) and non-dominant arm (1922.27 N) at 
the ¾RAD. The distances where the boxers delivered the least powerful MPz were the 
dominant arm (2198.01 N) for the SSRAD and the non-dominant arm (1807.09) at the RAD. No 
statistically significant differences were found between the MPz at the three distances but from 
a practical standpoint it can be concluded that boxers deliver more powerful jabs at closer 
distances.   
 
According to Table 4.29 the distances where the boxers had the poorest resistance to fatigue 
were at the dominant arm (23.06%) and non-dominant arm (24.59%) at the RAD. The distances 
where the boxers had the best resistance to fatigue were the dominant arm (8.70%) for the 
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¾RAD and the non-dominant arm (22.53%) at the SSRAD. No statistically significant 
differences were found between the FRIs at the three distances, but there seems to be a 
tendency for boxers to have poorer resistance to fatigue when they stand at further distances 
from their opponent/target.    
 
A boxer’s MPz and FRI have not been previously correlated at different distances. In this study 
many statistically significant direct correlations were depicted amongst the MPzs and FRI. Two 
correlations were found to correlate between MPz caclulations. Three correlations indicated that 
the boxers with larger MPz at the RAD for the NA had larger MPz at the RAD for the NA and 
¾RAD and SSRAD for the DA (Wilcoxon p value = 0.01, 0.00 and 0.01). As well as, a 
correlation indicated that boxers with larger MPz at the SSRAD for the NA had larger MPz at the 
RAD and SSRAD for the NA (Wilcoxon p value = 0.01 and 0.01). These correlations are good 
indications that distance strongly affects MPz.         
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Summary, Conclusions and Recommendations 
 
 Introduction 
 Biographical Data Findings 
 Anthropometric Data Findings 
 Total Response Time Findings 
 Change in Total Response Time Findings 
 Number of Punches Findings 
 Jab Peak Punch Force Findings 
 Jab Peak Punch Force Fatigue Resistance Index Findings 
 Limitations of the Study 
 Findings According to the Set Objectives 
 Recommendations and Future Studies  
 
5.1 Introduction 
Exploring the relationship that distance has to total response time, change in total response 
time, number of punches, jab peak punch force and fatigue resistance index is a step in the right 
direction to gain insight into the biomechanics of the performance of amateur boxers. This 
chapter will summarise the research findings. 
 
5.2 Biographical Data Findings 
The following consistent biographical data findings include that: The older boxers all proved to 
have statistically significant faster TRTs than the younger boxers. This might be likely because 
of experience or training. It is likely that older boxers are more likely to have obtained a higher 
ranking than a younger boxer. As stated earlier, both ranking and years of boxing were 
variables measured. The findings in this study disagree with previous research done by Smith et 
al. (2000) who found that punch force (MPz) for non-elite boxers, regardless of being heavier, 
was less powerful than elite boxers. Furthermore, the findings in this study disagree with 
previous research done by Cepulenas et al. (2007) who found that after undergoing boxing 
training, the duration of the boxer’s simple psychomotor RT decreased. However, no boxing 
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training was induced in this study. It can only be theorised that the boxers continued training in 
boxing on a regular basis because of their requirement to do so by their affiliated club. Lastly, it 
should be noted that this study did not include a very large number of participants (twelve 
participants).   
 
5.3 Anthropometrical Data Findings 
The following consistent anthropometrical data findings include the boxers that were the tallest 
proved to have statistically significant more powerful MPz and the boxers that had longer RAD 
and ¾RAD proved to have statistically significant slower TRTs. There is no previous research 
suggesting that either of these variables are of great importance but from a practical standpoint 
it is useful to know that taller participants will perform better in boxing. It needs to be noted 
though that these findings were not the intended aim of the study. 
 
5.4 Total Response Time Findings 
Although this study was not intended to create reference data for elite amateur boxers, and 
there was no statistically significant correlations found using the Wilcoxon ranked sign test 
between distance from the target and TRT, the following could be used as a guide for training or 
other practical uses related to performance:  
-The average TRT at RAD for the DA was 0.70 sec 
-The average TRT at RAD for the NA was 0.71 sec 
-The average TRT at ¾RAD for the DA was 0.67 sec 
-The average TRT at ¾RAD for the NA was 0.66 sec 
-The average TRT at SSRAD for the DA was 0.65 sec 
-The average TRT at SSRAD for the NA was 0.60 sec 
 
As just stated, the Spearman rank correlation tests found only one stastically significant 
correlation which will be stated later but from a practical perspective, from these averages, one 
can see that there is an influence of distance on TRT. More specifically, standing at a self-
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selected distance allows boxers to deliver jabs with a fast RT and MT, which combined to equal 
TRT. 
 
The following consistent TRT findings include that: The older boxers all proved to have 
statistically significant faster TRTs, the boxers that had slower TRTs proved to have statistically 
significant less powerful MPz, the boxers that had slower TRTs proved to have statistically 
significant larger FRI. 
 
It is most notable that boxers with slower TRTs proved to have less powerful MPz at the RAD 
and SSRAD for the NA. This agrees with Whiting et al. (1998) who states that having a fast 
punching velocity will allow for greater punch force.  As well as, this concludes that TRT (which 
is a measurement of punching velocity) and punch force are all closely related variables to 
boxing performance. There is no previous study to suggest that TRT is related to FRI but from 
this research it can be concluded that boxers with slower TRTs have a greater resistance to 
fatigue. This is logical because a slower TRT would indicate less punches per unit of time, thus 
less fatigue.  
 
5.5 Change in Total Response Time Findings 
Although this study was not intended to create reference data for elite amateur boxers, and 
there was no statistical significant correlations found using the Wilcoxon ranked sign test 
between distance from the target and CTRT, the following could be used as a guide for training 
or other practical uses related to performance:  
-The average CTRT at RAD for the DA was -6.79% 
-The average CTRT at RAD for the NA was -8.35% 
-The average CTRT at ¾RAD for the DA was -8.03% 
-The average CTRT at ¾RAD for the NA was -8.80% 
-The average CTRT at SSRAD for the DA was -0.67% 
-The average CTRT at SSRAD for the NA was -8.31% 
89 
 
 
As just stated, the Spearman rank correlation tests found only one stastically significant 
correlation which will be stated later but from a practical perspective, from these averages, one 
can see that there is an influence of distance on CTRT. However, it is best to have a large 
negative number and therefore ¾RAD distance would be the most ideal in order to quicken your 
TRT as more time is spent delivering jab punches at a target. 
 
 
FIGURE 5.1: LINE GRAPH DEPICTING THE MEAN TOTAL RESPONSE TIMES AT THE RAD, 
3/4RAD AND SSRAD FOR THE DA AND NA 
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Figure 5.1 is a reflection of the average participant’s TRT for their trials (10 jabs). One can see 
the slow yet steady decrease in the participant’s TRT at the three distances for DA and NA as 
the trial continues and motor learning occurs. For all the distances, the participants obtained 
small negative numbers for their CTRT. As stated earlier, a small negative number, such as -1, 
would represent a small decrease in TRT throughout the trial. This agrees with previous 
research such as by Herbort and Butz (2009) who state that RTs were shorter if participants had 
advance information (in this case previous jabs and trials) about the target. However, the CTRT 
has not been previously researched, and more research should be done to explore CTRT.   
 
The only consistent CTRT finding was that the boxers with larger CTRT proved to have a 
statistically significant more powerful MPz. One possible explanation for this is that the boxers 
began the test punching fast, but then slowed down their punches because they were not 
punching hard enough. This explanation is logical because no correlation was found between 
CTRT and FRI. More specifically, a small negative value obtained for this CTRT test is not an 
indication of a boxer having a low resistance to fatigue. No research has been conducted on the 
relation of CTRT and MPz. However, this research indicates that boxers that delivered more 
powerful jabs had decreased in TRT throughout the trial.    
 
5.6 Number of Punches Findings 
Although this study was not intended to create reference data for elite amateur boxers, and 
there was no statistical significant correlations found using the Wilcoxon ranked sign test 
between distance from the target and #OP, the following could be used as a guide for training or 
other practical uses related to performance:  
-The average #OP at RAD for the DA was 82.36 punches 
-The average #OP at RAD for the NA was 82.58 punches 
-The average #OP at ¾RAD for the DA was 87.45 punches 
-The average #OP at ¾RAD for the NA was 85.58 punches 
-The average #OP at SSRAD for the DA was 87.82 punches 
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-The average #OP at SSRAD for the NA was 88.75 punches 
 
The following consistent #OP findings include that: The boxers that had slower TRTs proved to 
have statistically significantly smaller #OP. Having a larger #OP is a good indicator of the ability 
of a boxer to deliver jabs with a shorter MT. This was not a surprising find because, the boxers 
that have shorter TRTs would be more likely to have faster MTs, and having a faster MT would 
greatly assist in delivering a large number of punches in a given time. 
 
5.7 Jab Punch Force  
Although this study was not intended to create reference data for elite amateur boxers, and 
there was statistical significant correlations found using the Wilcoxon ranked sign test between 
distance from the target and MPz, the following could be used as a guide for training or other 
practical uses related to performance:  
-The average MPz at RAD for the DA was 2272.99 N 
-The average MPz at RAD for the NA was 1807.09 N 
-The average MPz at ¾RAD for the DA was 2372.31 N 
-The average MPz at ¾RAD for the NA was 1922.27 N 
-The average MPz at SSRAD for the DA was 2198.01 N 
-The average MPz at SSRAD for the NA was 1827.13 N 
 
By observation, one depicts a tendency for distance to have an influence on force production. 
More specifically, boxers would find more advantage throwing more powerful punches in the 
intended direction at the ¾RAD.   
 
According to the Spearman rank correlation test conducted the following: The boxers that had 
slower TRTs proved to have statistically significantly less powerful MPz, the boxers with larger 
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CTRT proved to have statistically significantly more powerful MPz and the boxers with larger 
MPz proved to have statistically significantly smaller FRI.  
 
A boxer’s MPz has not been correlated to FRI in previous research. This research has found 
that boxers with more powerful MPz have less resistance to fatigue. Most importantly, MPz was 
the only variable that was found to be effected by distance.  
 
5.8 Jab Peak Punch Force Fatigue Resistance Index Findings 
No statistical significant correlations found using the Wilcoxon ranked sign test between 
distance from the target and FRI but the following could be used as a guide for training or other 
practical uses related to performance:  
-The average FRI at RAD for the DA was 23.06% 
-The average FRI at RAD for the NA was 24.59% 
-The average FRI at ¾RAD for the DA was 8.70% 
-The average FRI at ¾RAD for the NA was 24.05% 
-The average FRI at SSRAD for the DA was 11.23% 
-The average FRI at SSRAD for the NA was 22.53% 
 
As just stated, the Spearman rank correlation tests found only one stastically significant 
correlation which will be stated later but from a practical perspective, from these averages, one 
can see that there is an influence of distance on on FRI. More specifically, boxers would have 
better resistance to fatigue at ¾RAD for the DA and SSRAD for the NA.   
 
As just stated, the boxers with larger MPz proved to have statistically significantly smaller FRI. 
This is an indication that boxers with larger MPz have a smaller resistance to fatigue. 
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5.9 Findings According to the Set Objectives 
5.9.1 Objective 1 
To describe and compare the total response time of dominant and non-dominant jabs at 
two predetermined distances, based on relative arm length, and one self-selected 
distance from the target. 
The total response time (TRT) of twelve boxers were measured at two pre-determined 
distances, based on arm length, and one self selected distance from the target. The 
collected TRT data was used to describe this variable in this sample by creating 
reference data at the three distances with both dominant and non-dominant arm. The 
data was then compared to identify statistical significant effects. None were found from 
the Wilcoxon ranked sign and Spearman rank correlation tests which indicated that 
distance did not affect TRT.  
 
5.9.2 Objective 2 
To describe and compare the punch force of dominant and non-dominant jabs at two 
pre-determined distances, based on relative arm length, and one self-selected distance 
from the target. 
The jab peak punch force (MPz) of twelve boxers were measured at two pre-determined 
distances, based on arm length, and one self selected distance from the target. MPz 
data was collected and used to describe this variable in this sample by creating 
reference data at the three distances with both dominant and non-dominant arm. The 
data was then compared to identify statistical significant effects. None were found from 
the Wilcoxon ranked sign and Spearman rank correlation tests which indicated that 
distance affects MPz.  
 
5.9.3 Objective 3 
To determine the fatigue resistance index from repeated dominant and non-dominant jab 
punch forces at two pre-determined distances, based on relative arm length, and one 
self-selected distance from the target. 
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The fatigue resistance index (FRI) of twelve boxers were measured at two pre-
determined distances, based on arm length, and one self selected distance from the 
target. The collected FRI data was used to describe this variable in this sample by 
creating reference data at the three distances with both dominant and non-dominant 
arm. Statistically significant relationships were identified from the data. None were found 
from the Wilcoxon ranked sign and Spearman rank correlation tests which indicated that 
distance did not affect FRI. 
 
5.9.4 Objective 4 
To explore how fatigue affects total response time and the punch force of the repeated 
dominant and non-dominant jabs at two different distances, based on relative arm 
length, and one self-selected distance from the target. 
The fatigue resistance index (FRI) and total response time (TRT) of twelve boxers were 
measured at two pre-determined distances, based on arm length, and one self selected 
distance from the target. The data was then compared via Spearman rank correlation 
test to find statistical significance and no correlations were found.  
 
5.9.5 Objective 5 
To determine the relationship between the independent variable (distance from the 
target) on the dependent variables (punch force, total response time and fatigue 
resistance index), as well as the relationships among the dependent variables. 
The jab peak punch force (MPz), total response time (TRT), fatigue resistance index 
(FRI), change in total response time (CTRT) of twelve boxers were measured at two pre-
determined distances, based on relative arm length, and one self selected distance from 
the target. Additionally, anthropometrical data and biographical data was collected. The 
data was then compared to find statistical significance using a Spearman rank 
correlation test. It was found that older boxers proved to have statistically significant 
faster TRTs, boxers that had longer RAD and ¾RAD proved to have statistically 
significant slower TRTs, the boxers that had slower TRTs proved to have statistically 
significant less powerful MPz, the boxers that had slower TRTs proved to have 
statistically significant larger FRI, boxers with larger CTRT proved to have statistically 
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significant more powerful MPz, boxers that had slower TRTs proved to have statistically 
significant smaller #OP and the boxers with larger MPz proved to have statistically 
significant smaller FRI.  
 
5.10 Limitations of the Study 
The following were determined to be the most relevant limitations of this study: The number of 
participants was only twelve and did not meet the minimal requirements for the use of 
parametric statistical analysis (because of the small number of participants, less common 
statistics were used for determining correlations) and many of the participant’s first language 
was not English (mostly Xhosa) and therefore, may have had difficulty understanding the 
instructions. These constraints should therefore be considered when interpreting the results. 
 
5.11 Recommendations and Suggested Future Studies  
To summarize, the suggestions for future research would be to determine the following: Total 
response time and its relationship with force production; quantitative research to describe jab 
punch force distribution as well as, how specific arm movements affect force distribution and 
more quantitative data regarding the affect of distance over which jab punch force is applied and 
TRT. 
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NELSON MANDELA METROPOLITAN UNIVERSITY 
INFORMATION AND INFORMED CONSENT FORM 
RESEARCHER’S DETAILS 
Title of the research project 
The influence of distance from the target on total response time, repeated 
punch force and anaerobic fatigue of amateur boxers 
Reference number  
Principal investigator 
Chris Trella 
Address Bliss Apartments, Apt # 10 
Postal Code  
Contact telephone number 
(private numbers not advisable) 
078.561.7899 
 
A. DECLARATION BY OR ON BEHALF OF PARTICIPANT  Initial 
I, the participant and the 
undersigned 
 
(full names) 
  
ID number  
OR  
I, in my capacity as (parent or guardian) 
of the participant (full names) 
ID number  
Address (of participant)  
 
A.1 HEREBY CONFIRM AS FOLLOWS:  Initial 
I, the participant, was invited to participate in the above-mentioned research project   
that is being undertaken by Chris Trella 
from Health Science/Human Movement Science/Sport Science 
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of the Nelson Mandela Metropolitan University. 
 
 THE FOLLOWING ASPECTS HAVE BEEN EXPLAINED TO ME, THE PARTICIPANT:  Initial 
2.1 Aim:   
To determine the influence of distance from the target on total 
response time, repeated punch force and anaerobic fatigue of 
amateur boxers 
  
  
This information will be used to assess a boxer’s total response time, 
repeated punch force, distance control and anaerobic fatigue 
2.2 Procedures:   
I understand that I am being asked to repeatedly punch a mounted 
force plate  
  
2.3 Risks: 
I realize the important that, just like punching any surface, if my fists 
are not properly taped, or protected, it can result in injury.   
  
2.4 Possible benefits:   
As a result of my participation in this study I will be given an 
assessment of my boxing skills 
  
2.5 Confidentiality: 
My identity will not be revealed in any discussion, description or 
scientific publications by the investigators. 
  
2.6 Access to findings: 
Any new informationor benefit that develops during the course of the 
study will be shared as follows: 
  
2.6 
Voluntary participation 
/refusal/discontinuation: 
My participation is voluntary YES NO   
My decision whether or not to participate 
will in no way affect my present or future 
care / employment / lifestyle 
TRUE FALSE 
 
3. THE INFORMATION ABOVE WAS EXPLAINED TO ME/THE PARTICIPANT BY:  Initial 
(name of relevant person)   
in Afrikaans  English  Xhosa  Other  
and I am in command of this language, orit was satisfactorily translated to me by 
(name of translator) 
I was given the opportunity to ask questions and all these questions were answered satisfactorily. 
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4. 
No pressure was exerted on me to consent to participation and I understand that I may withdraw 
at any stage without penalisation. 
  
 
5. Participation in this study will not result in any additional cost to myself.   
 
A.2 I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE ABOVE-MENTIONED PROJECT: 
Signed/confirmed at  on  20 
 
 
 
 
 
Signature or right thumb print of participant 
Signature of witness: 
Full name of witness: 
 
STATEMENT BY OR ON BEHALF OF INVESTIGATOR(S) 
I,  Chris Trella declare that: 
1.  
I have explained the information given in this document to (name of patient/participant) 
and / or his / her representative (name of representative) 
2. He / she was encouraged and given ample time to ask me any questions; 
3. 
This conversation was conducted in 
Afrikaans  English  Xhosa  Other  
And no translator was used OR this conversation was translated into 
(language)  by (name of translator) 
4. I have detached Section D and handed it to the participant YES NO 
Signed/confirmed at  on  20 
Signature of interviewer 
Signature of witness: 
Full name of witness: 
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DECLARATION BY TRANSLATOR (WHEN APPLICABLE) 
I,  (full names) 
ID number  
Qualifications and/or  
Current employment  
confirm that I: 
1. Translated the contents of this document from English into (language) 
2. Also translated questions posed by  (name of participant) 
as well as the answers given by the 
investigator/representative; 
3. Conveyed a factually correct version of what was related to me. 
Signed/confirmed at  on  20 
I hereby declare that all information acquired by me for the purposes of this study will be kept confidential. 
Signature of translator 
Signature of witness: 
Full name of witness: 
 
IMPORTANT MESSAGE TO PATIENT/REPRESENTATIVE OF PARTICIPANT 
 
Dear participant/representative of the participant 
 
Thank you for your/the participant’s participation in this study.  Should, at any time during the study: 
 
- an emergency arise as a result of the research, or 
- you require any further information with regard to the study, or 
- the following occur 
 
 
 
 
 
 
 (indicate any circumstances which should be reported to the investigator) 
 
Kindly contact  
at telephone number 
(it must be a number where help will be available on a 24 hour basis, if the research 
project warrants it) 
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Department of Human Movement science 
Faculty of Health Sciences 
Strictly Confidential  
Boxer’s Biographical Data Questionnaire 
 
Kindly please complete the following questionnaire by filling in the information.  
  Question Example Response 
1 What is your name?     
2 How old are you? Ex:19 years old   
3 What is your dominant arm? Ex: Right   
4 Where do you live? Ex: Dispatch, Eastern Province   
5 
What team or club are you 
affiliated with? 
Ex: Eastern Cape Academy of 
Sport   
6 
How many years have you been 
boxing competitly? Ex: 7 years   
7 
What and when was the highest 
level of achievement while you 
have been boxing? 
Ex: -Invited to commonwealth 
games in 2010                                                                    
-2nd place in provincial 
tournament in 2004   
 
RAD_______                         Weight Class________ 
Weight_______  Height________ `Shoulder Height______ 
